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On atavistic Variation in Oenothera cruciata 
By Huco De VRIES 

After Oenothera Lamarckiana had shown itself to be a very 
proper material for the study of the mutations by which new 
species suddenly arise from old ones, I was naturally led to in- 
vestigate whether in other plants similar mutations might not be 
met with. For it is clear that the phenomena shown by Lamarck’s 
evening primrose are of prevailing interest only if they may be 
taken as an instance of a general rule. The other species of the 
same genus were of course the first to receive attention. Most of 
these showed no signs of being fit for a study along the same lines, 
while on the other hand one, Oenothera cruciata, was found to be 
inconstant in the very character to which it owes its name. At. 
least the plant which is cultivated under this name in European 
botanical gardens is variable in this regard. 

In proposing to bring the results of my experimental cultures 
of this plant before the readers of this journal, my aim is principally 
to direct their attention to any deviations which the species of the 
above-named genus might show in their native localities. For it 
is of undoubted interest to the study of mutability to know whether 
the variability which Oenothera cruciata displays with us is also 
met with in America, in those parts where the plant grows wild. 
The allied forms such as O. dtennis and O. muricata, shouldbe 
tested in the same direction. Any deviations from the original 
types should be carefully observed and if possible perpetuated 
by seeds. Wherever such deviations are found the question would. 
have to be answered whether the general type of the locality pos- 
sesses the power of again producing this deviation, and perhaps 
others too, in succeeding years. 


T5 
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Ocnothera cruciata Nutt. or Onagra cruciata (Nutt.) Small, as 
it is also called, has been described and figured in Britton and 
Brown’s “Illustrated Flora of the Northern United States, Canada 
and the British Possessions” (2: 485. 1897). It is arare plant, 
found wild from Vermont to New York and Massachusetts, and 
ascends to 2,000 feet in the Adirondacks. It is described as being 
annual and flowering from August to October. It may readily be 
recognized, even without flowers, by the narrowly oblong or 
oblanceolate leaves and the purple color of the nerves and the 
stem. The flowers are as small as those of O. muricata, but the 
spikes are much more slender and the fruits are less broad. In 
all these characters the European plants correspond exactly with 
the description given by Britton and Brown. The petals of the 
American type are linear instead of being broad and obcordate as 
in the allied species. 

As yet I have not had an opportunity to cultivate the original 
wild species, but I hope to be able to do so next year, as I have 
obtained seeds from the Adirondacks through the kindness of Dr. 
D. T. MacDougal, of New York, and Dr. B. L. Robinson, of Cam- 
bridge, Mass.* 

Dr. MacDougal had also the kindness to ask Dr. Britton about 
an eventual variability of the petals, but the celebrated author of 
the Illustrated Flora informed him that Oexothera cruciata does not 
make broad petals in America. 

This is the essential point. For in all the cultures I have as 
‘yet been able to make from seeds of this species, sent to me from 
-different botanical gardens in Europe, I found the form of the 
petals to be varying in a high degree, so as to reach, in many in- 
dividuals, the same outline as is presented by the petals of the 
allied species, O. dennis, O. muricata and others. 

For this reason, I presume that our plants are not the typical 
-O. cruciata of Nuttall, but a variety, which perhaps has been pro- 
duced from it in Europe. Therefore I have called my plants 0. 
cruciaia varia, merely in order to distinguish them from the pure 
species. How this variety may have originated of course I do not 
know. Two possibilities present themselves. The one is by mu- 


* Seeds from different localities would be always very welcome to me, as the plant 
may be in a mutable state in some districts, while it is not so in others. 
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Fics. 1, 2. O0enothera cruciata Nutt. 
Fics. 3-14. Ocnothera cructata varia De Vries. 
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tation, in the same way as many of our ordinary varieties of gar- 
den plants have been produced, the other is by crossing, which is 
perhaps a still more common source of new garden varieties. 

Both possibilities seem to me to be of some interest, since they 
bear directly on the great question of the internal causes of incon- 
stancy in general. For in my variety the petals do not vary ac- 
cording to Quetelet’s law, about a mean, which lies somewhere 
between the obcordate and the linear form, producing petals of 
which the majority do not essentially differ from this mean, whilst 
the extremes are very rare. Quite on the contrary, the obcordate 
and the linear petals seem to be two alternating types only united 
by rare intermediate steps. 

In case my variety originated by a mutation, we would there- 
fore have an imperfect one, producing the new type only in part of 
the individuals and remaining true or returning to the pure form of 
Oenothera cruciata in the others. In many points this case would 
be analogous to that of Oenothera scintillans, which originated in 
my garden from O. Lamarckiana, but which, though artificially 
pollinated with its own pollen, returns in each generation in often 
a relatively large part of the individuals to the original type. 

In case my variety originated by a cross, it should first be re- 
marked that the supposed hybrid is not intermediate between O. 
cruciata and some allied species, but that it has, as far as I can 
judge, all the characters of the former, the constancy in the form 
of the petals excepted. I have endeavored to show in my ‘“ Mu- 
tations-theorie”’ (Part II., p. 100) that O. muricata is probably the 
only species which could have given such a hybrid with the O. 
cructata, Now it is clear that having once obtained seeds from 
the original and constant O. cructata, 1 possess the materials to 
bring about this crossing and also those with other allied species, 
and to try whether it will be possible to get an inconstant hybrid 
in this way. I propose to do so, but from what I know of my 0. 
cructata varia and of the hybrids I have made of it with more than 
one other species, it is very improbable that the hybrid O. cruciata 
X O. muricata will be as a rule inconstant. It is far more probable 
that it will exhibit the dominant character, which must be the broad 
petals, and either give a constant progeny with this feature or split 
up according to Mendel’s laws. I take the broad petals to be 
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phylogenetically older than the linear ones, because they are the 
rule in the whole genus. But some authors suppose that from 
time to time there arise exceptions to the ordinary laws governing 
hybrids, and that such exceptions might be the source of many 
inconstant varieties and even of inconstancy in general. In this 
case the chance of getting such an exception by crossing would 
scarcely be greater than that of getting a mutation from the pure 
type. 

However slight these chances may be, I propose to try both 
ways and to see whether it would be possible to repeat the as yet 
doubtful and unknown original production of my O. cruciata varia. 
For there are not a great many cases in which the starting-points 
are to be had in so pure and so thoroughly controlled a state as 
in this instance. As to the question of the rule of the constancy 
of O. cruciata under cultivation, and of the hybrids, I hope to 
solve this in some years ; but as to the chances of getting excep- 
tions, it is evident that these are only small and that it would be 
preferable if the same experiments were made by a number of in- 
vestigators. F 

The aim of such experiments would be to repeat artificially 
the production of O. cruciata varia and by this means to throw 
some light on its origin in particular and on the origin of incon- 
stant varieties in general. With a view to the possible repetition 
of this cross I will now give a description of the inheritance of the 
broad and linear petals in this variety. In so doing I limit myself 
to the detailed exposition of a single experiment carried on with 
the descendants of one original specimen of my variety. 

In the year 1897 this plant was raised from seed obtained in 
the usual way of exchange between botanical gardens. I obtained 
but a single specimen, which bore all the characteristics of the 
typical O. cruciata. The spike, before the opening of the flowers, 
was placed in a bag of prepared parchment paper to prevent any 
visits from bees. The anthers touch the stigmas when opening, 
and the flowers fertilize themselves without any aid. In the same 
way I always took care to collect each year purely pollinated 
seeds only, 

This original plant bore but a few seeds, from which during 
the next year I obtained only sixteen flowering individuals. But 
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this number was sufficient to show the whole range of the vari- 
ability of the race. Nine plants bore typical cruciate flowers with 
linear petals, two specimens had broad obcordate petals like those 
of O. muricata, and the five remaining had an intermediate breadth, 
varying in all degrees between these two extremes. Even on the 
same spike the petals of the different flowers were in this regard 
unlike each other, and sometimes of the four petals of one flower 
some were narrow and others broad. I also found petals large on 
one side of the median nerve and small on the other side. 

I obtained pure seed of some of the narrow-petalled ones and 
of some of the intermediate specimens, separately for each plant, 
and the next year (1899) had four groups flowering. Two of 
them from two typically cruciate mothers repeated this type only, 
each group in thirty plants. One group, also from a cruciate 
mother, produced twenty-two typical and eight atavistic indi- 
viduals, meaning thereby those with broad obcordate petals. In- 
termediate types were wanting. So it was with the fourth group, 
the children of an intermediate mother, of which only four were 
purely cruciate, the remaining fifty-eight being atavistic. 

Afterwards I continued these four strains, sowing from the 
two last named in 1900, from the first named in 1901. The ata- 
vistic mothers gave only children which were in this regard like 
them. The purely cruciate strains on the other hand continued to 
produce atavistic and intermediate types, and these last were also 
inconstant as far as I observed them. 

Taking the five generations together, I had 232 children from 
cruciate mothers, 103 from intermediate and 141 from atavistic 
parents. The first group consisted of 85 per cent. cruciate, 5 per 
cent. intermediate and 10 per cent. atavistic individuals. The 
second, of 4 per cent. cruciate, no intermediate and 96 per cent. 
atavistic specimens. The third was nearly constant, all individuals 
bearing the broad obcordate petals. 

I say nearly constant, for among those atavists I observed 
some cases of bud-variation, by which they returned to the cruci- 
ate type. This rare phenomenon occasionally presents itself with-’ 
out apparent reason, but it may be induced to appear oftener in 
the following manner. Around the main stem the plants produce 
a circle of smaller stems growing upwards from the axils of the 
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root leaves. In my cultures these side-stems do not ordinarily 
become tall enough to bear flowers. But by cutting out the main 
stem at an early period I could induce the others to a more vigor- 
ous growth. I repeatedly made this experiment; but will only 
cite here observations made on a single plant in the summer of 
1901, grown from seed of a purely cruciate parent. It made six 
side-stems, out of which three bore only atavistic or broad-petalled 
flowers. The three other stems likewise produced obcordate 
petals, but not exclusively, bearing on one side of the spike flowers 
with the narrow and variable petals of the above-named intermedi- 
ate types. 

Such cases prove that the atavistic individuals are not, or at 
least are not always, so constant as could be deduced from the 
figures above given. Analogous instances of sectorial variation, 
one sector of the spike bearing other flowers than the remaining 
sectors, were from time to time observed on atavistic individuals 
and also on intermediate ones, the sport giving flowers with ob- 
cordate petals. As yet I have found no such sports on plants of 
the purely cruciate type nor purely cruciate flowers on those of the 
two other types. But I have no doubt that this is only due to the 
small extent of my cultures. 


PEDIGREE OF 
Ocenothera cructata varia 


Number of individuals of each type: 


Cruciate. Intermediate. Atavistic. 
44 2 2 
4th generation. | Y- J 
39 3 3 
1gol. 
gor ’ uH- ah 
5th generation. ° 45 
UY“ 
24 2 7 
1900, 4th generation, Ly 4 
70 70 
22 o 3 
1899. 3d generation. 30 30 K- J 
| 4 ° 58 
(No. 1.) (No. 2.) (No. 3.) | 


1898, 2d gern. | . 


1897. Ist generation. I 
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I give, above, the description of my whole race in the form of a 
pedigree, omitting the sectorial and bud-variations, again remind- 
ing the reader that in every case the seed-bearing plants were 
fertilized only with their own pollen after enclosure in bags of pre-, 
pared parchment-paper. 

Though the figures of this experiment are but small, they seem. 
to be sufficient to prove the presence of a very curious case of. 
variability, the alternation between the typical cruciate flowers of 
the species and the atavistic petals of the group to which the 
species belongs, and to justify the provisional name chosen for my 


race: Oenothera or Onagra cruciata varia. 
AMSTERDAM. 
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56. Hugo de Vries: Uber die Dauer der Mutationsperiode 
bei Oenothera Lamarckiana. 
Eingegangen am 12. Oktober 1905. 


Auf einem verlassenen Felde zwischen ’s Graveland und Hil- 
versum, unweit Amsterdam, zeigt die Oenothera Lamarckiana 
einen Grad der Mutabilitét, wie ihn bis jetzt keine andere Pflanze 
aufgewiesen hat. Man findet auf diesem Felde teils konstante, sich 
selbst fortpflanzende Nebenarten, teils solche, welche von Zeit zu 
Zeit aus den Samen der normalen Individuen hervorgehen, ohne 
selbst an Ort und Stelle ihre Samen auszubilden. 

Zu den ersteren gehdren die Oenothera laevifolia und O. brevistylis. 
Beide fand ich zuerst im Jahre 1886 und seitdem nahezu alljahrlich. 
Die Oenothera laevifolia findet sich stets ungefahr an derselben Stelle 
des Feldes, wo sie zuerst erschien. Im Sommer 1905 fand ich dort 
mehrere Exemplare, welche namentlich an den eigentiimlichen, oft 
eirunden, oft zugespitzten Blumenblattern leicht kenntlich waren.*) 
Die Oecnothera brevistylis hat im Laufe der Jahre, wegen der Aus- 
dehnung der Bepflanzung mit Hichen, ihren Platz gewechselt, ohne 
jemals zu verschwinden; ich sammelte im Frihling dieses Jahres 
eine Rosette, welche seitdem in meinem Garten gebliiht hat. 

Die sich wiederholenden Mutationen beobachtet man teils auf 
dem Felde selbst, teils wenn man dort Samen einsammelt und diese 
im Garten aussit. So beobachtete ich z. B. daselbst im September 1902 


3) Fiir die Beschreibung und fiir die Abbildungen dieser und der iibrigen 
neuen Arten verweise ich auf: Die Mutationstheorie, Bd. I, 1901, 8. 212ff. 
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die Oenothera lata in Bliite, und erhielt ich sie ebenfalls in meinem 
Garten aus im Herbst 1901 im Freien gereiften Samen. 

Diese Fahigkeit zu mutieren hat sich in den Kulturen meines 
Gartens erhalten und zeigte sich ebenfalls in anderen botanischen 
Garten, denen ich meine Samen zugesandt habe. Sie wurde 
namentlich im botanischen Garten zu New York von Dr. D. T. Mac 
DouGAL, Miss A. M. VAIL, Dr. G. H. SHULL und Dr. J. K. SMALL 
ausfiihrlich studiert. Die von diesen Forschern bis dahin erzogenen 
Mutanten stimmen genau mit den in Amsterdam beobachteten tiber- 
ein,*) wahrend der Wert der unterscheidenden Merkmale und die 
Berechtigung, die ‘neuen Formen als Arten von der Oenothera La- 
marckiana za trennen, durch die statistischen Ermittelungen von 
Dr. SHULL in ein klares Licht gestellt wurden. ’). 

In meiner Mutationstheorie musste ich es unentschieden lassen, 
ob diese Mutabilitat an Ort und Stelle entstanden sei, oder ob sie 
vielleicht bereits zu Anfang in den ausgesiiten Samen vorhanden war. *) 

Um diese Frage zu beantworten, habe ich schon damals Samen 
aus dem Grosshandel bezogen, hatte aber erst neuerlich die Ge- 
legenheit, diese in befriedigender Weise auf ihren etwaigen Gehalt 
an Mutanten zu prifen. Um jeder Gefahr vorzubeugen, kaufte ich 
diese Samen kurze Zeit bevor ich diejenigen meiner eigenen Kulturen 
dem Tauschhandel der botanischen Garten tibergab. 

Die eine Probe wurde im Winter 1901—1902 von den Herren 
HAAGE und SCHMIDT in Erfurt bezogen. Thr Studium war namentlich 
deshalb wichtig, weil auch die Pflanzen des oben erwahnten Fund- 
ortes aus einer Erfurter Girtnerei stammten. Aus diesen Samen 
erzog ich tiber 2000 Keimlinge und erhielt darunter eine Rosette 
von Oenothera rubrinervis, eine von Oenothera oblonga und drei Pflanzen 
von Oecnothera nanella, von denen eine reichlich gebltiht hat. Dazu 


1) D.T. Mac DouGat, assisted by A. M. VAIL, G. H. SHULL and J. K. SMALL, 
Mutants and Hybrids of the Oenotheras, Carnegie Institution of Washington, 
Publication 24, Exp. Evol. Station, Cold Spring Harbor No. 2. 1905. Ferner 
MAC DOUGAL, Mutations in plants. Contrib. N. Y. Bot. Garden No. 48. 1903. 

2) Dr. G. H. SHULL, ebendaselbst 8. 36—58., 

3) Vergl. Die Mutationstheorie Bd. I, 8. 217, und Species and 
Varieties: their Origin by Mutation, Chicago 1905, Chapter XVIII. Die 
in diesen beiden Werken entwickelten Ansichten- wurden namentlich in der Sitzung 
der American Society of Naturalists im Dezember 1904 zu Philadelphia 
einer vielseitigen Kritik unterzogen. Vergl. die Vortrige von CASTLE, CONKLIN, 
DWIGHT, BAILEY, WHEELER und MAc DouGAL in Science N. 8. Vol. XXI. 
No. 536, 8. 521—543. Von sonstigen Kritiken hebe ich hier nur hervor L. PLATE, 
Die Mutationstheorie im Lichte zoologischer Tatsachen. Cps. rs. 66 
Congrés intern. de Zoologie, Berne 1904, S. 203 und G. H. SHULL, Species 
and Varieties, Torreya Vol. 5. Mai 1905, 8. 89. Die Beziehungen zwischen 
Selektion und Mutation sind namentlich von T. H. MORGAN auseinandergesetzt 
worden in The Popular Science Monthly, Mai 1905, S. 54. 
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kamen noch ein Dutzend Keimpflanzen, welche deutlich abweichende 
Merkmale zeigten, welche es mir aber nicht gelang, soweit zu kulti- 
vieren, dass eine sichere Bestimmung méglich geworden wire. Die 
Oenothera rubrinervis und O. nanella sind bekauntlich bereits in jungen, 
wenigblattrigen Rosetten leicht und sicher zu erkennen, wahrend 
das Exemplar der Oenothera oblonga eine kriftige Rosette von 30 
bis 40 Wurzelblattern von tiber 20 cm Linge bildete und bis in den 
Winter die Merkmale ihrer Art deutlich zeigte. 

Die andere Probe erhielt ich von den Herren VILMORIN, AN- 
DRIEUX & CO. zu Paris im Winter 1898—1899. Linen Teil dieser 
Samen site ich im Jahre 1899 aus und befruchtete die Bliiten mit 
ihrem eigenen Bltitenstaub unter Ausschluss des Insektenbesuches. 
Die davon geernteten Samen dienten mir zur Ermittelung der 
Mutabilitat. Ein Versuch ergab auf 3500 Keimlinge 14 Oenothera 
nanella, 3 O. lata, 3 O. scintillans, 1 O. albida, 1 O. oblonga und 
einige sonst abweichende Formen. Also im ganzen etwa 0,7 pCt. 
Mutanten. Eine zweite Probe gab auf 600 Keimlinge 3 Oenothera 
lata, 1 O. nanella und eine Pflanze, welche anfainglich die Merkmale 
der Oecnothera rubrinervis zeigte, aber durch einen Zufall zu friih 
verloren ging. 

Aus diesen Kulturen geht somit hervor, dass auch die im Handel 
befindlichen Samen Mutationserscheinungen zeigen und dabei die- 
selben Formen hervorbringen, welche auf dem erwahnten Felde und 
in meinen Kulturen die haufigsten sind. Es ist daher klar, dass die 
Mutationsperiode nicht auf jenem Felde entstanden ist, wo die Ver- 
breitung der Oenothera Lamarckiana etwa 1875 angefangen hat, 
sondern dass ihr Anfang wenigstens bis auf den gemeinschaftlichen 
Ausgangspunkt der besprochenen Kulturlinien zuriickzufiihren ist. 

Dieser Ausgangspunkt fallt, allem Anscheine nach, mit der Ein- 
fuhr der Pflanze aus Amerika in die europaischen Gartnereien zu- 
sammen. Die Handelsfirmen HAAGE und SCHMIDT und VILMORIN 
haben die Oenothera Lamarckiana zum ersten Male in ihren Samen- 
katalogen von 1862 bezw. 1863 angeboten, nachdem sie selbst ihre 
Samen von einer anderen Handelsgartnerei bezogen hatten.*) 

Die Samenhandlung von ERNST BENARY zu Erfurt, aus deren 
Kulturen die jetzt bei Hilversum wild wachsenden Oenotheren stammen, 
hat die O¢nothera Lamarckiana zum ersten Male im Jahre 1861 
in ihrem Katalog aufgefiihrt, und zwar infolge einer Empfehlung 


1) Diese Angaben verdanke ich der Freundlichkeit der Herren HAAGE und 
SCHMIDT in Erfurt und des Herm JACQUES L. DE VILMORIN in Paris. Es sei 
mir gestattet, ihnen dafiir an dieser Stelle meinen besten Dank auszusprechen. Die 
Firma HAAGE und SCHMIDT hat die Samen direkt aus England, die Herren 
VILMORIN haben die ihrigen ein Jahr spater von einem anderen Samenhandler 
bezogen. 
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der Royal Horticultural Society in London.'). In der Illu- 
stration Horticole von 1862 (Tafel 318) teilt der Herausgeber, 
CH. LEMAIRE, mit, dass Herr AMBROISE VERSCHAFFELT, der be- 
kannte Handelsgartner in Gent (Belgien), gleichfalls um dieselbe Zeit 
zuerst die Kultur dieser Pflanze eingefiihrt hat. Er bezog seine 
Samen von den Herren CARTER & CoO., Handelsgirtnern zu High 
Holborn bei London, welche sie damals dem Grosshandel darboten. 
Diese hatten die Pflanze aus Samen erzogen, welche sie drei oder 
vier Jahre vorher aus Texas bekommen hatten. Die Samen waren 
ohne Namen eingefiihrt; die Pflanze wurde von LINDLEY bestimmt *) 

Diese gleichzeitige Hinfuhr durch die hervorragendsten Gartnereien 
deutet auf eine gemeiusame Quelle hin, und so darf man annehmen, 
dass die jetzt in den europadischen Garten verbreiteten Oenotheren 
von LAMARCK wohl alle von jenen aus Texas eingefiihrten Samen 
abstammen. Uber die Herkunft und das fernere Loos der Pflanzen, 
welche LAMARCK das Material zu seiner Beschreibung lieferten, 
scheint dagegen nichts bekannt zu sein.*) 

Verbindet man nun die oben mitgeteilten Ergebnisse meiner 
Kultur mit diesen historischen Angaben, so gelangt man zu der 
Schlussfolgerung, dass die jetzige Mutationsperiode der Oenothera 
Lamarckiana wenigstens ungefihr ebenso alt ist, wie ihre Hinfuhr 
aus Texas in Europa. 

Zwei Punkte bleiben dabei vorlaéufig noch unentschieden. Sie 
betreffen die Frage, ob die Fahigkeit, neue Formen hervorzubringen, 
mit einem Male oder fir jede Form getrennt bzw. gruppenweise 
entstanden ist. Die Oenothera laevifolia und O. brevistylis wurden 
bis jetzt nur auf dem Felde zu Hilversum gefunden, und die sehr 
seltene Oenothera gigas ist nur in meinen Kulturen entstanden. 
Vielleicht ist die Fahigkeit, sie hervorzubringen, nicht nur eine be- 
schrankte, sondern auch eine jiingere. 

Der andere Punkt betrifft die Frage, ob die Mutationsperiode 
nach der Kinfuhr und vielleicht als Folge von dieser eingetreten ist, 
oder ob den aus Texas eingefiihrten Samen bereits die betreffenden 
Fahigkeiten innewohnten. Um diese Frage zu entscheiden, miisste 
man Samen von den wilden Standorten der Oenothera Lamarckiana 


1) Auch Herrn BENARY gestatte ich mir fiir die freundliche Mitteilung obiger 
Daten meinen Dank auszusprechen. 

2) Floral Magazine 1862 und namentlich L’[lustration Horticole 1862, Tafel 318 
und Beischrift. Vergl. auch MAC DOUGAL, Hybrids and Mutants, S. 5.. 

3) In seinen beriithmten Katalogen des Jardin des Plantes zu Paris fihrt 
DESFONTAINES die Oenothera Lamarckiana baw. die Oenothera grandiflora Lam. 
nicht auf in den Ausgaben von 1804 und 1815, wohl aber in derjenigen von 1829. 
(Tableau de l’école de botanique 1804 und 1815 und Illustration Horti- 
cole 1862, IX, Mars 1862, 4. 
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priifen kénnen, diese aber hat man in neuerer Zeit noch nicht wieder 
gefunden. 

Um die Heimat unserer Pflanze zu ermitteln, habe ich im vorigen 
Jahre an verschiedenen Universititen und botanischen Giarten in 
Amerika das Herbarmaterial der Untergattung Onagra, zu der unsere 
Art gehért, verglichen. Ich untersuchte zehn verschiedene Herbare 
und fand sie nur in drei vertreten und folgere daraus, dass die 
Pflanze wenigstens nicht stark verbreitet ist. Die betreffenden 
Exemplare wurden unter dem Sammelnamen Oenothera biennis, ohne 
pahere Bezeichnung, aufbewahrt. In Verbindung mit Dr. \.L. BRITTON, 
Direktor und Dr. D. T. MAC DOUGAL, Unter-Direktor des botanischen 
Gartens zu New York, fand ich in dem dortigen Herbar ein Exemplar, 
welches von A. W. CHAPMAN in Florida gesammelt war (vor 1860).') 
Von demselben Sammler wird ein zweites, gleichfalls aus Florida 
stammendes Exemplar im Herbar der Missouri Botanical Gardens in 
St. Louis aufbewahrt, wo ich es durch die Gefilligkeit des Herrn 
Direktors Dr. W. TRELEASE auffinden konnte. Ferner fand ich 
unter der freundlichen Leitung von Dr. JOHN W. HARSHBERGER 
im Herbar der Akademie der Wissenschaften in Philadelphia ein 
Exemplar, welches von C. W. SHORT unweit Lexington in Kentucky 
gesammelt war’). An den betreffenden Stellen hat man aber seitdem 
die Oenothera Lamarckiana nicht mehr beobachtet, was wohl zum 
Teil dem Mangel an genauen Angaben iiber die betreffenden Stand- 
orte zugeschrieben werden muss. Die wahrscheinliche Heimat 
unserer Pflanze ist also im siidlichen Teile der Vereinigten Staaten 
zu suchen, aber bis es gelingt, sie dort wieder zu sammeln, muss 
die Frage, ob sie bereits im wilden Zustaide mutiert, unentschieden 
bleiben. 

In meiner Mutationstheorie habe ich die Vermutung ausgesprochen, 
dass die Oenothera Lamarckiana die Fahigkeit, Zwerge hervorzu- 
bringen, vielleicht von ihren Vorfahren geerbt hat.*) Ich griindete 
diese Ansicht damals auf das Verhalten der Oenothera nanella bei 
Kreuzungen mit Oenothera biennis. Seitdem habe ich aber eine Be- 
obachtung gemacht, welche ein mehr direktes Argument fiir diese 
Meinung bietet. Eine Unterart der Oenothera biennis hat in meinem 
Garten durch Mutation eine Nanella-~Pflanze hervorgebracht. 

In meinem Buche habe ich (Bd. II 8.599) eine von meinem 
Sohne ERNST im Jahre 1900 unweit Santpoort in Holland im 
Freien aufgefundene Mutation von Oenothera biennis als Oenothera 
biennis cruciata beschrieben. Sie unterscheidet sich von der gewohn- 


1) Yergl. Mac DouGaL, Hybrids and Mutants, S. 6. 
2) Vergl. HARSHBERGER, Torreya Vol. 5, Aug. 1905, S. 147. 
3) Mutationstheorie II, S. 459. 
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lichen Form durch kleine linealische Blumenblatter, ein Merkmal, 
welches bei Oenothera cruciata Nutt. (aus den Staaten Vermont und 
New York) spezifischen Wert hat. Diese neue Form habe ich im 
Jahre 1901 zuerst und seitdem alljahrlich in vielen Hunderten von 
Exemplaren kultiviert. Die einzige Abweichung, welche sich dabei 
zeigte, war eine Zwergpflanze, welche im Jahre 1903 plétzlich und 
unvermittelt auftrat. Sie hatte die Blatter der Oe¢nothera biennis, 
aber eine dicht gedrungene Rosette, ahnlich wie die Oenothera nanella, 
und kleine linealische Blumenblatter, wie ihre Mutter. Sie erreichte 
nur eine Héhe von etwa 30 cm, fing erst Mitte September zu bliihen 
an und brachte demzufolge nur zwei keimfahige Samen. Aus diesen 
erzog ich im Sommer 1905 zwei kraftige Pflanzen, von denen die 
eine mit cruciaten Bliiten bliihte, die andere aber eine grosse Rosette 
von Wurzelblattern hervorbrachte. Beide wiederholten genau die 
Merkmale ihrer Mutter. Die neue Form scheint somit konstant zu 
sein, was aber erst durch fortgesetzte Kultur endgiiltig festgestellt 
werden kann. 

Die Fahigkeit der Ocnothera biennis cruciata, Zwerge hervor- 
zubringen, mag’ vielleicht unabhingig von der entsprechenden Fahig- 
keit der Ocenothera Lamarckiana entstanden sein. Wahrscheinlicher 
erscheint es mir aber, dass beide auf einen gemeinschaftlichen 
Ursprung zuriickzufiihren sind und dass diese tibrigens im Pflanzen- 
reich sehr verbreitete Mutabilitit von den gemeinschaftlichen Vor- 
fahren herrtihrt. 

Nach dem Mitgeteilten darf es als feststehend betrachtet werden, 
dass die jetzige Mutationsperiode der Oenothera Lamarckiana in ihren 
Hauptztigen vor oder sofort nach ihrer Einfuhr aus Texas in Europa 
(etwa 1860) angefangen und seitdem sich im Wesentlichen er- 
halten hat. 
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In a series of most interesting articles, B. M. Davis has recently 
tried to prove that mutability. might be a result of previous crosses. 
This view was first proposed by BaTEson and SAUNDERS, and 
applies especially to the phenomena which Oenothera Lamarckiana 
shows when seeds from the pure strain, and even from pure lines 
within this strain, are sown, as in the experiments I conducted in 
my experimental garden. Davis expected to be able to offer the 
desired proof by showing that O. Lamarckiana might be duplicated 
by crossing two other species of the same group. Up to this time, 
as a matter of fact, he has not succeeded in producing any form 
which comes sufficiently near O. Lamarckiana to be compared with 
it.* But if he had succeeded in doing so, evidently it would not 
have been a proof for his assertion, unless his hybrid should show 
the same degree of mutability as does O. Lamarckiana, since we 
have as yet no means of judging from the morphological characters 
of a given plant whether its hereditary characters are in a stable 
or in an unstable condition. 

In starting his experiments to produce a duplication of 
LaMARCk’s evening primrose, DAvIs was unfortunate in the choice 
of the species for his combination. He chose O. biennis L. and a 

For a successful duplication of an elementary species by means of crossing, 
see Oenothera biennis XO. cruciata Nutt. in Gruppenweise Artbildung, p. 311. 
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form which he assumed to be O. grandiflora Aiton. It is evident 
that the first condition of success in such work consists in the 
purity and the immutability of the species which are to produce 
the hybrid. If they are already in a mutable condition, it is to be 
expected that their hybrids, or at least some of them, may com- 
bine the different lines of mutability of their parents; and at all 
events, the mutability of such a hybrid would be no proof that this 
phenomenon may be produced by means of crossing. On the other 
hand, if the species to be crossed, or even only one of them, were 
not pure, the hybrid might inherit this impurity and show phe- 
nomena which might easily be mistaken for mutations. 

It so happens that O. biennis is in a condition of mutability 
analogous to that of O. Lamarckiana, although not developed to 
the same high degree. From time to time it produces dwarfs, 
which are distinguished from it by exactly the same two characters 
which differentiate the dwarfs of O. Lamarckiana from their mother 
species, namely, low stature and sensitiveness to the attacks of 
some species of soil bacteria.2 Moreover, Stomps has shown that 
O. biennis may, although very rarely, double the number of chromo- 
somes in its sexual cells, which in O. Lamarckiana produces the 
two mutants O. gigas and O. semigigas As is now generally 
admitted, O. gigas results from the pairing of two mutated sexual 
cells, each of which had a double number of chromosomes. O. 
semigigas, on the other hand, is produced by the pairing of a 
sexual cell mutated in the same way, witha normal gamete; there- 
fore it possesses only 21 chromosomes (14+7), while the number 
in O. gigas is 28. As yet, only semigigas mutants have been 
observed coming from O. biennis, and it is obvious that the double 
combination must be much rarer. As a proof of this special kind 
of mutability in O. biennis, however, the observations of STOMPS 
are wholly sufficient. 

In quoting these facts, Davis says that if it can be shown “that 
tested strains of this biennis are able to produce new forms of specific 

?Sromes, Tu. J., Mutation von Oenothera biennis L. Biol. Centralbl. 32:521- 
535- 1912; also ZevistRa, H. H., Oenothera nanella De Vries, eine krankhafte Pflanzen- 
art. Biol. Centralbl. 31:129-138. 1911. Vergl. ferner: Gruppenweise Artbildung 
1913: 296-304. 

3 Stomps, TH. J., op. cit. p. 533. 
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rank or even marked varieties, the mutationists would have much 
stronger evidence in support of the mutation theory than that 
based on the behavior of O. Lamarckiana.”4 After conceding this 
strong position to his adversaries, Davis subjects the results of 
Stomes to a rather sharp criticism, which, unfortunately, is based 
upon a confusion of two wholly distinct types, namely, O. biennis 
L. var. cruciata’ and O. cruciata Nutt. He says: ‘It should be made 
clear that the form (O. biennis cruciata) is recognized in the more 
recent taxonomic treatments as a true species sharply distinguished 
from types of biennis by its floral characters,” and “‘a cross between 
these types must certainly be regarded as a cross between two 
very distinct evolutionary lines and its product as a hybrid in which 
marked modifications of germinal constitution are to be expected.’””® 
But, .as a matter of fact, the Dutch O. biennis cruciata differs from 
O. biennis only in the characters of the petals; in all other respects 
it is wholly the same, and therefore evidently only a subordinate 
variety of this species. It has not been dealt with in recent 
taxonomic treatments, since it occurs almost exclusively in the 
sand dunes of Holland, where it is produced from time to time by 
mutation from the mother form (first observed in 1900), without 
having been able until recently to multiply in the field so as to 
produce a persistent local variety.’ 

On the other hand, O. cruciaia Nutt. is quite a different species, 
with narrow, brownish green leaves, and a different type of branch- 
ing, of spikes, and of fruits. It grows wild in New York and 
Vermont, and is well known to all students of the American flora. 
By some authors it has been considered a variety of O. biennis, 
and this probably-is the chief cause of Davis’ confusion. The 
character and the behavior of its hybrids with O. biennis have 
been amply dealt with in my Gruppenweise Aritbildung. 

In the experiment of Stomps, the dwarf and semigigas muta- 
tions were produced by hybrid strains of O. biennis and O. biennis 


4 Davis, B. M., Mutations in Oenothera biennis L.? Amer. Nat. 47:116-121 
(especially p. 116). 1913; see also op. cit. 47:540-596 (especially p. 567). 1913. 

5 Die Mutations-Theorie 2:599. 1903. 

6 Amer. Nat. 47:117. 1913. 

7 Die Mutations-Theorie 2:599. 1903. 
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cruciata, and it was assumed that such strains would behave as 
true species in all characters not related to the differentiating marks 
of the petals. It must be conceded, therefore, that the cross of 
these two forms may be treated ‘‘as though it were the combina- 
tion of forms within the same species, which have similar germinal 
constitutions” (DAvIs, op. cit. p. 117). 

But the most clear and simple way of obviating this whole 
objection is evidently to sow seeds of O. biennis of pure descent 
upon the same large scale as in the former experiment. This has 
been done, and a dwarf and a semigigas form have been produced 
by this pure line, besides some other mutations.’ They had the 
same characters as the former ones, and now provide us with the 
“‘strong support” asked for by Davis. Moreover, they show that 
his choice of O. biennis for a proof of the assertion that mutability 
might be produced by crossing immutable species was a most 
unhappy one. 

The second condition for success in this kind of work is, as has 
been stated, the purity of the types to be crossed. As already 
quoted, Davis assumes that a cross between two very distinct 
evolutionary lines may give a hybrid with marked modifications of 
germinal constitution. This may be applied to his choice of the 
type which he calls O. grandiflora, and which he has made the 
other parent of his initial cross. He got his seeds from Dixie 
Landing, Alabama, a locality where BARTRAM had discovered 
O. grandiflora about a century ago. He assumed them to be of the 
pure species, but a culture which I made in my garden from seeds 
kindly supplied to me by Mr. Davis proved to be a mixture, and 
thereby threw a distinct doubt upon the purity of the station. 
For this reason I visited Dixie Landing in September 1912, and had 
the good fortune to be accompanied by Mr. H. H. Barttert, 
of Washington, well known for his systematic researches among 
the wild species of this group. We found the station in a most 
desolate condition. A small-flowered species, O. Tracy, in almost 
all respects different from O. grandiflora, had migrated into the same 
old cotton fields and mixed everywhere with the species of BAR- 


8 Stomes, TH. J., Parallele Mutationen bei den Oenotheren. Ber. Deutsch. Bot. 
Gesells. 30: Heft 3, 1914. 
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TRAM. Onno single field was the original form pure; it was always 
mixed to such a degree with O. Tracyi and with their hybrids that 
we found it impossible to collect undoubtedly pure grandiflora 
seed from this locality. Moreover, the intermediate types were 
so numerous (over a dozen) that it was difficult to regard all of them 
as normal hybrids between only two parents. To produce such 
a diversity of forms, either one or both of the parents must have 
been in a mutating condition, or more than two species must have 
combined in the crosses. In both cases, the material can hardly 
be considered as a fit starting-point for experiments bearing upon 
the causal relations of crossing and mutability. 

Recently I have shown that besides O. biennis some other 
species of Oenothera are actually in a state of mutability, and espe- 
cially has one of the most common American types thrown off 
marked mutants in my experiment garden.° The degrees of 
development of this condition, however, are very different in 
different species. In some of them mutations occur rarely, but. 
they serve to throw a doubt upon the stability of those forms for 
which no positive results have as yet been won. In other words, 
we may say that almost all the nearest allies of O. Lamarckiana 
are open to the suspicion of sharing at least some degree of the 
mutability of this species. There is no use, therefore, in trying 
to produce mutability by crosses of species of the same subgenus 
(Onagra) in order to show that this phenomenon is only a result 
of crossing, as is asserted by Davis. 

Moreover, I might point out that the question should be dealt 
with from a general standpoint and not be limited to the evening 
primroses. If it should be true that phenomena like those of O. 
Lamarckiana could be produced by crossing immutable species, it 
would, of course, be of much higher scientific value to produce 
them in other families or genera, or at least in the other subgenera of 
the evening primroses. The chance of finding immutable parents 
for a cross would be far greater and the proof could be given as 
easily and in many cases with less amount of mechanical work 


9 DE Vries, Huco, and Barrett, H. H., The evening primroses of Dixie Land- 
ing, Alabama. Science N.S. 35:599-601. 1912. 


10 Gruppenweise Artbildung, pp. 296-312. 1913. 
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and space in the garden. ‘The line of work chosen by DAvis seems 
to me to be necessarily without any chance of success. 

Besides his experimental work, Davis has made some historical 
researches to discover the origin of O. Lamarckiana.™ Unfortu- 
nately, he has neglected to visit the Museum d’Histoire Naturelle 
at Paris, where the herbarium of Lamarcx is preserved, and where 
other valuable documents concerning the first appearance of our 
species are to be found. For myself I visited these collections in 
1895 and reported on the results of my investigations in my Muta- 
tion theory (vol. I. pp. 437-444 of the English edition). In Octo- 
ber 1913 I repeated my visit and compared the authentic specimens 
with the remarks made upon them by Davis. I regret to say that, 
through his ignorance of the available evidence, Davis has been 
led to conclusions which are fully contradicted by the herbarium 
material, both of the “Herbier de Lamarck” and of the “Herbier 
général” of the Museum. As we shall see, the origin of O. Lamarck- 
iana is the same as I have pointed out in my book. 

In the herbarium of Lamarck, O. grandiflora (Lam.), which 
later was renamed by SERINGE and called O. Lamarckiana, the 
name it still bears, is represented by two large flowering specimens. 
When I studied them in 1895, they were loose on their sheets and 
bore together the no. 12, indicating that they corresponded with 
no. 12 O. grandiflora of the Encyclopédie méthodique, Botanique, by 
Lamarck.” About 1900 they were fastened on new sheets and 
the numbers have been lost.%3 For convenience, I shall call these 
specimens A and B, the former being represented by our pl. XVII, 
while a photograph of B has been published by Davis.%4 

u Davis, B. M., Was Lamarcx’s evening primrose (Oenothera Lamarckiana 
Seringe) a form of Oenothera grandiflora Solander? Bull. Torr. Bot. Club 39:519- 


533- pls. 37-39. 1912; A much desired Oenothera. Plant World 16:145-153. 1913; 
The problem of the origin of Oenothera Lamarckiana. New. Phytol. 12:233-241. 
1913. 

1 The Mutation Theory 1:442. 1901. 

13 The herbarium of LAMARCK was acquired by the Museum d’Histoire Naturelle 
in 1886. Vergl. Bonnet, Ep., L’herbier de Lamarck, son histoire, ses vicissitudes, 
son état actuel. Jour. Botanique 16:129-138. 1902. 

4 Davis, B. M., Was Lamarck’s evening primrose (Oenothera Lamarckiana 
Seringe) a form of Oenothera grandiflora Solander? Bull. Torr. Bot. Club 39:519-533- 
1912. See pl. 37. 
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Unfortunately, these two specimens do not belong to the same 
elémentary species, but the question as to which of them is to be 
considered as the authentic specimen has been answered by all 
authors in the same way, with the exception of Davis. According 
to the general agreement, A (pl. XVII) is the type of the species. 
Davis has not seen this specimen, and has based his judgment 
upon the communications of botanists concerned with systematic 
rather than with elementary species. 

The plant A corresponds exactly with O. Lamarckiana Ser. as 
it is now universally cultivated and as I know it from my own 
cultures. The specimen is evidently a side branch, picked in the 
autumn, and the flowers, although very large, are not quite so 
large as may be seen in July and August. It bears no fruits, but 
the sexual organs of the flowers and the form of the flower buds 
do not leave the least doubt concerning its identity. The stigma 
lobes are widely spread and raised by the long style high above the 
tops of the anthers, and this is one of the best characters of O. 
Lamarckiana. The buds are conical and thick, and not thin as 
in O. grandiflora Ait. For comparison, I have given a group of 
flower buds (pl. XVII), picked in the autumn also, from my pure 
cultures. All the other marks correspond to those of the present 
species, although of course not all of them distinguish it from allied 

forms. 

This sheet bears the label, ‘“‘d’Amérique sept., tige rameuse, 
haute de 3 4 4 pieds,”’ in the handwriting of Lamarck. The 
description in the Encyclopédie says of the origin of the species: 
“Cette espéce est originaire de |’Amérique septentrionale. On 
la cultive au jardin du Muséum d’Histoire Naturelle (V.S.).’% 
The description, however, quotes some points which are not visible 
on the herbarium specimen, nor on specimen B. It is therefore 
clear that the author knew his plants from another source still, 
probably from the living material of the Jardin des Plantes. The 
most interesting point for us is the description of the fruits: “Le 
fruit est une capsule courte, cylindrique, glabre, tronquée légére- 
ment, quadrangulaire, n’ayant environ que le tiers de la longueur 


15 V.S. (“vidi siccum”) means that the diagnosis is based on herbarium material. 
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du tube calicinal.”** This description wholly agrees with the 
fruits of the present species, especially if we remember that 
Lamarck based his description on a comparison with the only 
other large-flowered form he knew, O. longiflora. The short fruits 
at once distinguish our species from the allied types, such as O. 
suaveolens Desf. and O. grandiflora Ait., which have thin and pro- 
portionally long fruits.77 

This character of the fruits shows that the description of the 
Encyclopédie has been based upon specimen A and not upon the 
other one. For, although B lacks fruits also, it belongs to an 
elementary species which has long and narrow fruits, as we shall 
soon see. Here I might point out that in systematic researches 
of this kind, more value is to be attached to published diagnoses 
and descriptions than to the material preserved in a herbarium. 
The older systematists, as a rule, did not take much care of their 
material, even if they were very careful of their descriptions.™ 
The herbarium specimens are often found without their names and 
without any indication concerning their origin. The rule ‘“de- 
scriptio praestat herbario” applies in our special case, even as it 
does in many others. In our case, the description is relatively 
complete and clear, while in the dried specimen only part of the 
characters are represented. 

For all these reasons I cannot agree with Davis, who says 
(p. 519) that I made an incorrect determination of the material of 
my cultures, when I identified it with Lamarcx’s plant of 17096. 
The authentic specimen of Lamarck and the description in the 


%6 Encyclopédie méthodique, Botanique par Lamarck, Tome IV, 1796. pp. 550- 
554, “Onagraire.” Twelve species of this genus are enumerated, O. longiflora being 
no. 4, O. corymbosa no. 11, and O. grandiflora no. 12. A copy of the diagnosis of this 
last one may be found in my Mutation theory (p. 441) and in the articleof Davis. The 
article in the Encyclopédie is not signed and was probably written by Porret, who 
prepared many articles in vol. IV, and wrote the whole of the later volumes. In 
the herbarium of Paris some of the specimens may be seen quoted with the authority 
of PorrEt, as, for example, on the sheet of O. suaveolens Desf., where above that name 
is’written Oenothera grandiflora Poiret Encyclopédie. (Cf. pl. 39 of the article of 
Davis.) 

7 L’Oenothera grandiflora de Vherbier de Lamarck. Rev. Gén. Botanique 
25: 1914. 

3 Cf, BONNETT, op. cit. p. 138. 
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Encyclopédie correspond as closely with the characters of my 
plants as dried specimens and descriptions expressed in words 
ever can do. 

On the contrary, the specimen B is surrounded with doubts. 
Davis has given a very elaborate description of this branch, com- 
paring it with my Lamarckiana. The sheet bears the label: “‘Oeno- 
thera . . . . [grandiflora] . . . . nova spec. flores magni lutei, 
odore grato, caulis 3 pedalis.” The fact that the name grandi- 
flora is placed in brackets shows that Lamarck did not wholly 
trust his identification of this plant with the other one. Perhaps 
the words “‘nova species” indicate that he took it to be possibly 
a different species. Later, PorrET discovered the identity of this 
specimen with O. grandiflora Aiton Hort. Kew,” as has been 
indicated by Davis. And in DE CANDOLLE’s Prodromus (3:47. 
1828), SERINGE separated the two types, describing O. grandi- 
flora Ait. and O. Lamarckiana (SER. MSS) as different species. 

The words ‘‘odore grato” point to O. grandiflora Ait., which 
has fragrant flowers, while the flowers of O. Lamarckiana Ser. 
are almost without odor. In the original description no mention 
is made of the odor, and this shows once more that the specimen 
B was not the authentic one for this description. 

Davis has compared the branch B with some of his hybrid 
strains from Dixie Landing” and finds a close resemblance. Per- 
haps the plant of Lamarck was a chance hybrid found in the Jardin 
des Plantes, and in this case, as Davis says, ‘‘we can have no 
certainty as to the characters of an individual plant unless its seeds 
have been grown in large cultures.” At all events, it is not backed 
by other herbarium material in the Museum d’Histoire Naturelle, 
so farasI know. If Porret’s opinion that it belongs to O. grandi- 
flora Ait. is correct, then it has evidently not served as a basis for 
the description of O. grandiflora Lam. (O. Lamarckiana Ser.). In 
O. grandiflora the fruits are thin and relatively large, for example, 


19 Encyclopédie méthodique. Suppl. IV, p. 141. 1816. See Davis, p. 522. 

20 At Dixie Landing, Alabama, only hybrid strains of O. grandiflora and O. Tracyi, 
perhaps mixed with other species too, are to be found. See Science op. cit. p. 399. 
Igi2. 

Davis, B. M., A much desired Oenothera. Plant World 16:148. 1913. 


354 BOTANICAL GAZETTE [way 


3cm. long and 3 mm. wide; while those of O. Lamarckiana may 
measure 2.5 cm. in length and 6 mm. in width, making a ratio of 
4° in the one case and # in the other.” The description of the 
fruits as short, as given by LAMARCK, evidently points to the second 
and not to the first case.”3 

Summing up the main results of this discussion, we find that 
specimen A of the herbarium of Lamarck closely corresponds 
to the O. Lamarckiana Ser. of the present time, and has been taken 
by almost all authors for its prototype. The specimen B differs 
from it in its general aspect, in the words “odore grato” on its 
label, and in the opinion of Porret that it belongs to O. grandi- 
flora Ait., this opinion pointing to long and narrow fruits. Per- 
sonally, it impressed me as having been brought into the herbarium 
of Lamarck only later on, and as having been placed in the cover 
of O. grandiflora Lam. with a doubt shown by the placing of the 
name in brackets. 

The best proof for the fact that A and not B is the authentic 
specimen of O. grandiflora Lam. is perhaps given by the specimen in 
the herbarium of Father PourreEt, which was given to the Muséum 
d’Histoire Naturelle by Dr. BARBIER in 1847.74 It bears the name 
Ocenothera grandiflora Lam. written in the clear and beautiful hand- 
writing of the clerk of Pourret. In the same cover there is another 
sheet of PourRET’s collection, on which the same clerk wrote 
Oenothera biennis. Unfortunately, Davis, who did not visit the 
Museum, has mistaken this one for the one studied by me,?5 and 
has accordingly published a photograph (f/. 38) and a description 
of it. It is easily seen that this specimen really comes nearer to 
our present O. biennis L. than to anything else. 


2 L’Oenothera grandiflora de Vherbier de LAMARCK, op. cit. fig. 1, b and c. 


23 Davis (op. cit. p. 523) lays great stress on the tips of the sepals, but I cannot 
find a well defined difference between the two species in this character. He calls 
attention to the word “sétacé” in Lamarcx’s description of the sepal tips: “this 
has been translated by DE Vries (Mutations-Theorie, p. 317. 1901) as “dicke.”” The 
French, however, is from the late Latin word setaceus, derived from “‘seta,”’ a stiff 
hair or bristle. The meaning, therefore, is exactly the opposite of that given by 
De Vries.” If the reader will kindly look up my book at the page quoted by Davis, 
he will find that I have translated “‘sétacé”’ by “fadenférmig.” 


24 The Mutation Theory, Engl. ed. 1:442, note 2. 
25 Bull. Torr. Bot. Club op. cit. p. 527. 
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The plant which Pourret called O. grandiflora Lam. is repre- 
sented on our pl. XVIII. It agrees wholly with the present 
O. Lamarckiana Ser., and in all respects. It was fastened on its 
sheet by the clerk of Pourret and consists of two flowering spikes 
and two separate flowers. The stigma lobes are seen spread above 
the anthers in the normal way. The specimens were picked at 
the beginning of the flowering period and bear no fruits; obviously 
they were main spikes. They will be recognized at once as O. 
Lamarckiana by anyone who has seen living cultures of this species. 
As I have quoted in my Mutation theory (loc. cit.), SpACH has 
written on this sheet “Onagra vulgaris grandiflora Spach,” which 
remark also proves the identity with O. Lamarckiana Ser. The 
printed label says “Collection de Abbé Pourret, extraite de 
Vherbier légué par M. le Dr. BARBIER en 1847.” The main spike 
measures about 40 cm., the smaller one about 20 cm. 

In my book I have also referred to a specimen of O. suaveolens 
Desf. At that time I did not know the Alabama species and 
believed that O. suaveolens Desf. and O. grandiflora Ait. were syn- 
onyms, as almost all authors did. Therefore I used the two names 
promiscuously. Last summer, however, I cultivated, side by side, 
O. suaveolens Desf. from Fontainebleau, collected by Dr. BLARING- 
HEM, and O. grandiflora Ait. from Castleberry, Alabama, collected 
by myself with Mr. BartLteTT. They proved to be wholly different 
species.” So far as I know, the large-flowered Oenotheras, which 
are now relatively common in the western departments of France, 
all belong to O. suaveolens Desf., at least all the specimens and 
cultures on which I based my opinion in 1901 did. The specimen 
of the Muséum d’Histoire Naturelle, which I referred to especially, 
has been described by Davis from a photograph which is repro- 
duced on fl. 39 of his paper. Davis, who did not know the O. 
suaveolens as a separate species, called it the flotsam of the her- 
barium (p. 529); it is, on the contrary, the authentic specimen of 
DESFONTAINES, bearing on the label the name suaveolens written 
by DeEsFONTAINES himself. The smaller plant, fastened on the 
same sheet, has another label, saying only O. grandiflora, and seems 
to me to have been fastened on this sheet subsequently. The 


26 L’Oenothera grandiflora de Vherbier de Lamarck, loc. cit. 
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larger one, however, corresponds exactly with the species which 
is now growing in many thousands of specimens near Samois on 
the eastern limit of the Forét de Fontainebleau, where I visited 
the different stations with Dr. BLARINGHEM in October 1913. The 
long fruits and the thick flower buds do not leave the least doubt 
concerning the identity of this specimen. 

The most interesting discovery in this field of historical research, 
however, is that of a specimen of O. Lamarckiana Ser. in the col- 
lection of MicHaux, described recently by BLarincHem.” [ had 
the advantage of studying this sheet myself, when I visited Paris 
in October 1913. The printed label says ‘“‘Herb. Mus. Paris, 
Herbier de l’Amérique septentrionale d’ANDRE Micuavux.” ‘There 
is no further indication of the locality and no name. The speci- 
men is a main spike, picked in the beginning of the flowering period, 
and without fruits (pl. XIX). It is excellently preserved and 
corresponds in all respects to my cultures of O. Lamarckiana Ser. 
The lobes of the stigma are seen to be widely spread above the 
anthers. The flowers and flower buds are exactly those of the 
present species. 

Anprt Micwavux died in 1802, after having tsaveled during 
twelve years through the eastern United States from the Hudson 
River to Carolina. His celebrated collection constitutes one of 
the best sources of our knowledge of the flora of those parts of 
America at the end of the eighteenth century, that is, of the same 
period in which Lamarck published his volumes of the Encyclo- 
pédie. His herbarium is at present at the Muséum d’Histoire 
Naturelle at Paris, and his plants were described after his death 
by his son Francois ANDRE MicHaux in a book entitled 
““ ANDRAEAS MicHavx, Flora boreali-americana, sistens characteres 
plantarum quas in America septentrionali collegit ANDRAEAS 
MicHavux.’’® MicHaux had the habit of collecting seeds of as 
many species as possible, besides his herbarium specimens, and of 
sending them to Europe to be sown. 


27 BLARINGHEM, L., L’Oenothera Lamarckiana Seringe et les Oenothéres de Fon- 
tainebleau. Rev. Gén. Botanique 25:1914. 

28 Editio nova, 1820, Paris. The genus Oenothera is dealt with in vol. I on p. 214; 
the plant is given under the name of O. biennis. For the ground covered by his travels, 
see the preface and the article of BLARINGHEM. 
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This beautiful specimen proves that O. Lamarckiana Ser. was 
a component of the flora of the eastern part of Northern America 
at the end of the eighteenth century, and that it has come down 
to us as completely unaltered as may be shown by old herbarium 
specimens. Moreover, it tends to make it at least very probable 
that the European strains, or at least some of them, are derived from 
the importation of seeds by MicHaux. The specimen A in the 
herbarium of Lamarck, designated as ‘‘d’Amérique sept.,”’ prob- 
ably belonged to this same strain. 

The exact situation of the locality where MicHavx collected 
this specimen is, of course, unknown. Much stress is laid by many 
authors upon the fact that no wild station for O. Lamarckiana has 
been discovered lately in any part of the United States. This 
argument evidently loses the main part of its weight when we know 
that it was observed by such a well known botanist as MICHAUX. 
Moreover, this situation is not peculiar to O. Lamarckiana; on 
the contrary, the same condition prevails for the other European 
species, O. biennis L., O. muricata L., and O. suaveolens Desf., 
whose original stations in the United States and Canada have not 
been rediscovered. Even O. grandiflora, which is known to occur 
in Alabama in different localities, is observed there to grow on 
cultivated soil only, especially on old fields of corn and cotton, and 
no one knows whence it came. Therefore, if our present igno- 
rance of the origin of O. Lamarckiana is adduced in order to throw 
a doubt on its reality as a good species, the same doubt is attached 
to its nearest allies, and, in fact, to all the dozens of elementary 
species of the group Onagra which are now being found wild on 
waste fields and along roadsides all through the United States. 
Autochthonous stations are not known for any of them. 

A most valuable contribution to the clearance of the historical 
data concerning the origin of O. Lamarckiana Ser. has been brought 
forward by Davis in his criticism of the alleged Texan origin of the 
present cultivated strain. This was introduced into the trade by 
Messrs. Carter and Co. of High Holborn in the neighborhood of 
London, about the middle of the last century. These horticultur- 
ists offered the seeds as coming from Texas. But, since then, no 
botanist is known to have seen the plant in that state, and Davis 
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suggests (p. 523) that the statement might, perhaps, have been 
caused by a mistake.” Now, it is well known that such details 
are, as a rule, given more in the interest of advertising than in 
that of pure science. Moreover, no horticulturist likes to offer 
for sale seeds with the announcement that the same form may be 
found as a wild flower in his own country. 

O. Lamarckiana has been, for many years at least, a component 
of the flora of England, growing in many localities, especially on 
the sand dunes along the coast. The most universally known 
station is that of St. Anne’s on the Sea, near Liverpool, which has 
been studied by BatLey, GATES, and other botanists, and where 
the .species occurs in thousands of specimens. Davis received 
seeds from different English stations and recognized the plant in 
the cultures derived from them (0. cit. p. 237). In Lancashire 
the species locally grows together with O. biennis L., exactly as 
it does in the sand dunes of Holland. In such cases it produces 
hybrids such as I have described under the names of lJaeta and 
velutina, and as Davis has isolated as small-flowered races from | 
those English localities (p. 237). 

Now, if we agree with Davis that the seeds of Carter and Co. 
were derived from some English station, the probability at once 
arises that these English stations themselves owe their origin to 
the introduction of seeds from America, either by MicHavux him- 
self or by somé other botanist of the same period. The history of 
the species would then become a very simple and clear one. In 
this respect it becomes of interest to look at the figure published 
in 1807 in Surru’s English Botany (vol. VI. pl. 1534).°° Accord- 
ing to the description accompanying this plate, the ‘‘specimen was 
gathered on the extensive and dreary sand banks on the coast a 
few miles north of Liverpool, where millions of the same species 
have been observed by Dr. Bostock and Mr. JoHN SHEPHERD 
growing perfectly wild and covering large tracts between the first 
and second range of sand hills.” In this same locality O. biennis 
L. and O. Lamarckiana are now growing in the same abundance 
of individuals, partly separated and pure in different valleys and 

20 See Davis in New Phytol. 12: 234. 1913. 

3° Cf. Davis, of. cit. p. 532. 
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partly in mixtures which are known to contain also their hybrids. 
The specimen of 1807 is designated O. bennis, but both the flowers 
have the lobes of their stigma above the anthers, which is a differ- 
entiating mark of O. Lamarckiana. Moreover, it is the only deci- 
sive detail, all other characters of the figures applying equally to 
both species. If it is allowable to trust to this detail, we should 
be entitled to conclude that the station of Liverpool contained 
both forms as early as 1807, even as it is known to do at the present 
time. In this case, O. Lamarckiana must be assumed to have 
been introduced into England about the time of MicuHaux and 
LaMARCK, and a common origin for the specimens of their herbaria 
and the wild stations in England becomes highly probable. 

The strain of Carter and Co. has been identified by LINDLEY 
as O. Lamarckiana Ser., and the high authority of this eminent 
botanist confirms my own determination of the same strain, made 
by comparing it with the authentic specimen of Lamarck." 

At all events, the adduced facts indicate a very simple history 
of our species, which has come down to us unchanged, so far as 
we know, from the original American habitat. There is no reason 
to suppose that it originated as a garden plant, and none at all 
to subject it to all the doubts ordinarily brought forward against 
the purity of descent of horticultural forms in general, simply on 
the ground that some garden plants are of known hybrid origin. 
O. Lamarckiana has remained unchanged through more than a 
century, and has kept as true to its type as any good wild species. 
“Tt is exceedingly fortunate,” says DAvis (of. cit. p. 527), “that 
the plant which serves as the type of Oenothera Lamarckiana 
Ser. should have come down to us so well preserved that there 
is scarcely a doubt of its identity.’ But the identity is with the 
species as it is still known under that name. Whether the species 


3 Davis says (0p. cit. p. 531) “the identification by LinpieEy of these plants with 
O. Lamarckiana Ser. was undoubtedly incorrect,” but he does not give any reason 
for this assertion. 

32 Davis says (of. cit. p. 530) “that Lamarckiana has come down to us greatly 
modified, that its parentage is far from pure, that it is in fact of hybrid origin.” This 
assertion, which is not based upon any facts, is clearly contradicted by the preserva- 
tion in excellent condition of the three specimens of Lamarck, PouRRET, and 
MicwHavx, not known to Davis. 
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was in the same condition of mutability at the time of its first 
appearance as it is now, is of course a different question.* 

Summing up the results of this historical investigation, we may 
say: 

1. Oenothera Lamarckiana Ser. is represented by specimens in 
the herbaria of Lamarck, Pourret, and Micwavux (pls. XVII- 
XIX), and is, so far as this material enables us to judge, at the 
present time exactly the same plant as it was at that period. It 
has come down to us, through more than a century, as unaltered 
and as constant as true species usually do. 

2. It has been a component of the flora of the eastern United 
States, where MicHavx collected it and whence Lamarck derived 
his specimen. 

3. At the present time it is a component of the flora of England, 
and is as well established in that country as is O. biennis in different 
parts of Europe. 

4. The strain which is now in cultivation, and which was intro- 
duced into the trade about the middle of the last century, was 
probably derived from some wild English locality, which itself 
may have come from an introduction into Europe of the seeds 
collected either by MicHaux himself or by some other botanist of 
his period. 


AMSTERDAM 


EXPLANATION OF PLATES XVII-XIX 
Plate XVII 


Oenothera grandiflora Lam. (O. Lamarckiana Ser.): the authentic specimen 
in the herbarium of Lamarck, two-thirds natural size, referred to as A in the 
text; in the left upper corner a bunch of flower buds of my culture of 1913, 
dried and pressed, is given for comparison, and photographed together with 
the main specimen. 


Plate XVIII 
Oenothera grandiflora Lam. (O. Lamarckiana Ser.): the specimen in the 


herbarium of Father PourRET, one-third natural size; on the label is written 
Onagra vulgaris grandiflora Spach. 


3 Uber die Dauer der Mutationsperiode bei Oenothera Lamarckiana. Ber. 
Deutsch. Bot. Gesells. 23:382. 1905. 
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Plate XIX 


Oenothera Lamarckiana Ser. in the “Herbier de l’Amérique septentrionale”’ 
of ANDRE MicHAvx, collected about 1800 in the eastern parts of the United 
States: A, top of spike photographed and reproduced about natural size; 
B and C, the whole specimen of MICHAUX, consisting of two parts, reduced 
about one-half; all three figures photographed for me by Dr. L. BLARINGHEM; 
in the reproduction the narrow bands of paper used to fix the specimen to its 
sheet and seen on the photographs have been omitted. 
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OENOTHERA GIGAS NANELLA, A MENDELIAN MUTANT 


Huco DEVRIES 


Ina recent book Gates has studied the significance of the experi- 
ments made with species of Oenothera as proofs for the general 
theory of mutation, and has given an exhaustive and critical review 
of the facts in this rapidly increasing field of research... He has 
laid special stress upon the results of crosses, which show the great 
diversity of these phenomena when studied in some wild plants, as 
contrasted with the now prevailing doctrine of Mendelism; for 
among the mutants of Oenothera instances of Mendelism are rare. 
The first known example is that afforded by O. brevistylis, which 
follows the law of MENDEL as a recessive in all its crosses with the 
parent species, with other mutants, and with other species of the 
same group.? But, unfortunately, the production of this form by 
means of mutation from O. Lamarckiana is so rare that it has not, 
as yet, been repeated under experimental control. Another 
instance is O. rubricalyx, discovered and studied by GaTEs (0p. cit., 
p- 103), which behaves as a dominant in its crosses with O. 
Lamarckiana. 

In this article I hope to show that the dwarf character, which in 
so many instances complies with the formulae of MENDEL, but 
which behaves in a different way in crosses of the derivatives of 
O. Lamarckiana, may, at least in one instance in this group, follow 
that law as exactly as in any other pure Mendelian case. This 


1 Gates, R. R., The mutation factor in evolution. London, togz5. 
2 DeVries, Huco, Die Mutations-Theorie. 1:223; 2:151~179, 429. 
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instance, therefore, affords a means for the experimental study of 
the origin of such a form by mutation. The main result of this 
study is the proof of the occurrence of mutant Mendelian hybrids 
besides the pure dwarfs. 

In my book on the mutation theory I have pointed out that the 
origin of O. brevistylis from O. Lamarckiana may have been induced 
by the mutation of a single sexual cell. If this combined in fertili- 
zation with a normal.gamete, a hybrid would be produced which 
would not be distinct from the parent species in its external features. 
This hybrid would then, in its self-fertilized seeds, follow the law of 
MENDEL and produce, besides constant Lamarckiana plants, partly 
hybrids of the same type and partly specimens of the type of 
O. brevistylis. From this origin and the subsequent free intercross- 
ing in the field, the yearly appearance of O. brevistylis would receive 
a sufficient explanation (DEVRIES, op. cit., p. 506). 

If the process of mutation into this type were more often 
repeated, it should be possible to discover the original hybrids. 
They would, it is true, not be discernible from their normal sisters 
by external marks, but would yield, after artificial self-fertilization, 
about 25 per cent of brevistylis. And since mutants are produced 
ordinarily in a proportion of 1-2 per cent or less, the difference 
would be large enough to be noticed. Until now, however, such 
cases have not been observed. 

I have, therefore, been looking for another example in which a 
Mendelian behavior of the mutants might be associated with a 
normal coefficient of mutation from the parent species. Such 
cases would betray themselves by exceptionally high coefficients 
in single parent plants. Instances of such individual deviations 
are very rare, partly on account of the necessarily limited number 
of mother plants from which the seeds of our cultures are taken. 
But ScHouTEn? has observed that Oenothera gigas, which ordinarily 
produces 1—2 per cent dwarfs, may be seen to throw them off in as 
large a number as 15 per cent. The same phenomenon has been 
described by GaTEs (0. cit., p. 137), who counted g per cent and 11 
per cent of dwarfs among the offspring of two self-fertilized plants 
of O. gigas. 

3 Schouten, A. R., Mutabiliteit en Variabiliteit. 1908. 
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From time to time I have noticed the same deviating percent- 
ages in my own cultures. Thus, for instance, I fertilized in 1910 a 
specimen of O. gigas by its own pollen, and among 50 seedlings 
of its offspring 10 were dwarfs, pointing to a percentage of about 20 
per cent. Similar facts have since occurred more than once in my 
cultures. 

SCHOUTEN and Gates have interpreted these figures as indicat- 
ing a Mendelian proportion of dwarfs, and on this assumption the 
parent plant would have been a mutant hybrid in the same sense 
as explained above for O. brevistylis. Mutant hybrids would then 
occur in a race which produces dwarf mutants also, and the latter 
would then, of course, have to be considered as the products of the 
combination in fertilization of two sexual cells, both of which had 
mutated into nanella. The production of dwarfs from O. gigas 
would then follow the same process which is to be assumed for the 
origin of O. gigas itself from O. Lamarckiana; and the copulation 
of two similarly mutated cells would then more easily be accessible 
to experimental investigation. 

In order to verify the exactness of this conception I have fol- 
lowed up the progeny of such a presumed mutant hybrid, and on the 
other hand have made crosses between O. gigas and O. gigas nanella. 
In both cases the truth of the assumption was easily ascertained. 

Mutations of single gametes may be discovered by different 
means in other instances also, the production of potential nanella 
gametes by O. Lamarckiana being the most likely to be betrayed 
in this way. I have observed such cases in crosses between 
O. Lamarckiana and O. rubrinervis. From these ordinarily two 
types arise in the first generation, one of which resembles the 
mother and the other the father. In my book on Gruppenweise 
Artbildung I have called them “ Lamarckiana”’ and ‘‘subrobusta.” 
Both types are usually constant after self-fertilization. But, 
from time to time, individuals appear which in their progeny 
produce an unexpected number of dwarfs. The following cases 
may be adduced. 


4 DeVries, Huco, Gruppenweise Artbildung. p. 340. 1913. 


5 Besides the production of gametes for gigas by O. Lamarckiana, as shown by 
the occurrence of specimens of semigigas in self-fertilized strains of the parent species, 
or by the production of the Hero-type in crosses of O. Lamarckiana with allied species. 
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The rubrinervis strain for these experiments had arisen as a 
mutant from O. Lamarckiana in 1895, and its second generation was 
cultivated in 1905. No dwarfs were produced in the first generation 
after the crosses, and in the second only from single individuals, the 
remainder giving either no dwarfs at all or only about 1 per cent, 
by ordinary mutation. 


TABLE I 
EXCEPTIONAL PRODUCTION OF DWARFS BY SINGLE PLANTS OF Oenothera subrobusta 
| 
Cross Cross r Gen. ! 2 Gen. Hennber of Percea lace 
Lamarckiana Xrubrinervis. .. . 1905 I9gl3, = 1914 140 9 
rubrinervisX Lamarckiana.....} 1905 1907 1913 70 II 
rubrinervis X Lamarckiana..... 1907 1913 1914 70 16 


If we compare these figures with the results of the crosses 
between O. rubrinervis and O. nanella itself, as described in my 
Gruppenweise Artbildung (p. 215), we find a complete analogy, 
since these crosses give no dwarfs in the first generation, and in the 
second about 10-14 per cent from the self-fertilized specimens of 
O. subrobusta. It is evident, therefore, that the exceptionally high 
yield of dwarfs in these crosses of O. Lamarckiana and O. rubrinervis 
must be the product of latent mutations which occurred in some of 
the sexual cells of one of the parents. And since O. Lamarckiana 
is known to produce ordinarily 1-2 per cent dwarfs, while O. 
rubrinervis does not show signs of such a mutability, we may con- 
fidently assume that our figures indicate latent mutations of sexual 
cells of O. Lamarckiana. 

BarTLeETT’ recently described a similar instance of an unexpect- 
edly high mutability, and proposed for it the same explanation, on 
the assumption of a latent mutation of a sexual cell in a previous 
generation. This case is of the greatest interest since it relates to 
a pure species and not to the discovery of mutated gametes by 
means of crosses as in the experiments just described. The mutat- 
ing species was O. Reynoldsii Bartlett, one of the forms of the old 
O. biennis. It produced in 1913 three marked types, one repeating 
the parental form, and the two others being dwarfs and called 


6 BartLett, H. H., Mutation en masse: Amer. Nat. 1915. 
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mut. semialia and mut. debilis. The latter is, on the average, about 
half as high as the former. This curious segregation repeated itself 
in the next generation in 1914, not from all the individuals, but 
from only one of the two whose offspring have been tried in this 
respect. 

Similar proofs of latent mutations of sexual cells may evidently 
be expected to occur in other strains also and will have to be looked 
for in all cases of an unexpectedly high degree of mutability. 

I will now return to my experiments on the production of dwarfs 
by O. gigas. In order to obtain specimens of O. gigas yielding a 
high percentage of dwarfs from their seeds, I sowed in 1911 seeds 
of my pure strain, cultivated the plants as biennials, and fertilized 
them in 1912 by their own pollen, in bags. They were vigorous 
plants of the fourth generation (Gruppenweise Artbildung, p.175), 
and yielded a large harvest of seed, which was sown in 1913, and 
served as a criterion, since no essential differences were to be seen 
on the plants themselves. Moreover, I used the seeds of some good 
biennial specimens of the previous or third generation. The 
ancestors of all these plants had been fertilized by myself in bags 
down from the mutant in 1896 which started the race. The harvest 
of 1912 and 1910, sown in 1913, gave the result as shown in table II. 


TABLE II 
A. PERCENTAGES OF DWARFS AMONG OFFSPRING OF O. gigas 
Generation Namber of Total of seedlings Dwarfs Renae of 
4th generation........ I 174 ° 0.0 
BE ID eek ee ai 2 176 I 0.6 
ee 3 IgI 34 17.8 
ET a eee 4 I54 I 0.6 
PAD Gihinie i 5 166 I 0.6 
3rd generation........ 6 164 ° 0.0 
e Sele eek ae 7 43 I Bo 
a eT ee 8 52 ° 0.0 
Pe tre 9 132 2 15 
gid gales 10 130 ° 0.0 


From a second strain, derived from the same mutant and 
described in my Gruppenweise Artbildung (p. 175), I had in 1911- 
1912 nine biennial specimens which yielded a sufficient harvest: 
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Tried in the same way, they gave the percentages of dwarfs shown 
in table ITI. 


TABLE JIT 
B. Dwarrs oF O. gigas 
Generation Sheree Total of seedlings Dwarfs sigs a of 
6th generation........ I 132 ° 0.0 
Eee” aayearata 2 165 ° 0.0 
eae yala ies 3 155 I 0.6 
abe es 4 161 ° 0.0 
cS ree 5 159 25 15.7 
RP abictaee ges 6 76 ° 0.0 
Pe tatiana 7 I51 ° 0.0 
we) aghast tl 8 130 ° 0.0 
Ra a sibel 9 124 19 15.0 


All in all, 19 specimens were studied. Among them three gave 
a percentage of 15-15.7-17.8, but the others gave only 1-2 per 
cent or no dwarfs at all. The dwarfs produced by this latter group 
were evidently due to ordinary mutability, but the figures for the 
former group differed too widely from these to be looked at in the 
same way. I consider them to be due to Mendelian segregation, 
and assume that the fact that they fall short of the expected 25 per 
cent is due to the difficulties of cultivation and to a less viability 
of the dwarfs as compared with the normal specimens.” I chose 
no. 3 of the first group (17.8 per cent dwarfs) for continuing the 
experiment. 

If the segregation in this second generation followed the law 
of MENDEL, then among the plants of normal stature one-third 
must be constant in their progeny and the remainder must split 
up according to the same law. I succeeded in having a dozen of 
plants flower and ripen their seeds as annuals, fertilized them purely, 
and sowed the harvest in the spring of 1914. The result is given 
in table IV. 

Three of the individuals yielded no more dwarfs than in ordinary 
mutation, and the seven others showed figures which approach 
the Mendelian law as nearly as might be expected. If we combine 
these figures with the 17.8 per cent of dwarfs of the former genera- 
tion, we find for this about 18 per cent dwarfs, 57 per cent hybrids 


7See GATES, op. cit., p. 89. 
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of high stature, and 25 per cent normal high specimens. This may 
be considered as sufficient proof that the splitting took place after 
the law of MENDEL. 


TABLE IV 
C. DWaRFS AMONG THE OFFSPRING OF O. gigas (A, no. 3) 
Number of Total of P t f 
seed-bearer deadlines Dwarfs ened < ‘i 
242 I 0.5 
276 ° 0.0 
177 I 9.5 
237 39 16.0 
238 52 22.0 
236 50 21.0 
196 42 21.0 
81 25 31.0 
269 59 22.0 
265 57 21.0 


The dwarfs were counted in June and July, and the degree of 
development at this time corresponded with the photographs given 
in my Gruppenweise Artbildung, p. 316, figs. 115 and 716. At this 
period they are clearly distinct from the normal specimens and so 
there was no difficulty in counting them. In some specimens of 
O. gigas mut. nanella the number of chromosomes has been deter- 
mined and was found to be the same as in O. gigas itself (28), as 
was to be expected. Partly on account of this fact, partly in con- 
sequence of the nearer relationship, the fecundations did not experi- 
ence the difficulties which are connected with crosses between 
O. gigas and O. Lamarckiana mut. nanella. They succeeded fairly 
well and yielded, as we have seen, relatively large numbers of seeds. 

The Mendelian behavior of the production of dwarfs by means 
of mutation from O. gigas, moreover, may be proved in another way. 
If the mutant hybrids of this form are fertilized by the pollen of 
O. gigas nanella, the expectation will, of course, be the production 
of 50 per cent of tall specimens and S50 per cent of dwarfs. But, 
on account of the smaller viability of the latter, we should have to 
be content with somewhat smaller numbers. In 1913, therefore, 
I crossed some specimens of apparently normal O. gigas with the 
pollen of a constant race of O. gigas nanella, my culture being the 
third generation derived from a mutant of 1910 (Gruppenweise 
Artbildung, pp. 315-316). I was fortunate in choosing, among 
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some normal plants, two mutant hybrids, and will give the constitu- 
tion of their progeny, together with that of two normal individuals 
of O. gigas, in table V. The numbers of seedlings have been very 
small in this case, owing to the small degree of fertility of the pollen 


of O. gigas nanella. 
TABLE V 


DWARFS IN THE FIRST GENERATION OF O. gigas XO. gigas nanella 


Number of Number of Percentage of 
seed-bearer seedlings Dwarfs dwarfs 
FE const eetsanain aay 38 II 30 
Dies anccn dak ech trlivans 65 28 43 
Bis seacimite heen Ata 28 I al 
3 
Ave adie scies sai P 59 2 f 


The first two seed-bearers had evidently about one-half of their 
egg cells mutated into nanella, which by the fertilization with the 
pollen of dwarfs must, all of them, become nanella specimens. The 
two last-named plants, although externally not differing from the 
others, had only very few mutated sexual cells, and therefore pro- 
duced only about 3 per cent of dwarfs. ‘ 


TABLE VI 
DWARFS IN THE SECOND GENERATION OF O. gigasXO. gigas MUT. nanella 
Seed-bearer Se Dwarfs Berane of 
A. O. gigas nanella XO. gigas 
NO. asecercieeies aeeeeoa ee womens 2g1' 45 15 
NO; 2S ecitsinaeee yidtismancecaeamas 69 12 17 
B. O. Bien. gigas nanella 
NOs Ws den edieakhe eaouwee sea eyes 60 16 27 
NG, Behan ac rneneny Gea caunces eee 310 73 24° 
NO:-3j-t sou hate ets steed oh44 Bees 304 62 20 
NGOs 4 ie iced aarasacte gaan anne expe deiee 74 14 19 
IN Qs tSferrasstn hd, laverenaesade-t dos, grande te yee eugantaanens 283 46 16 
NGO's oi 2.4 wirtalnunin poet des Sosa 4 inlet 8 210 30 14 
C. O. gigas mut. hybrid xO. gigas nanella 326 52 10 


The experiment showed at the same time that hybrids between 
O. gigas and O. gigas nanella have the features and the stature of the 
former type, and thereby justified the assumption made above in 
the explanation of the behavior of mutant hybrids. 

I made the reciprocal cross in the same year, fertilizing some 
dwarfs of my race by the pollen of normal plants of O. gigas. The 
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fecundation was a difficult one and I got only 38 seedlings, all of 
which developed into tall plants of the stature and character of 
O. gigas (1914). 

In order to study the segregation of dwarfs in the next genera- 
tion I fecundated a number of specimens of the three described 
groups of artificial hybrids and sowed their seed in 1915. On the 
basis of Mendel’s law the expectation is, for all of them, 25 per cent 
dwarfs, or somewhat smaller numbers on account of the lesser 
viability of these dwarfs. The sowings of r915, counted in May 
and June, gave the results shown in table VI. 

These figures give sufficient proof that the crosses between 
O. gigas and its dwarfs follow the law of MENDEL. 


Summary 


1. Oenothera gigas produces dwarfs (about 1-2 per cent) and 
mutant hybrids of normal stature, which after self-fertilization give 
15-18 per cent, theoretically 25 per cent, of dwarfs. 

2. These mutant hybrids split up, after self-fertilization, 
according to the law of MENDEL, yielding about 18 per cent dwarfs, 
25 per cent normal specimens of tall stature, and 57 per cent hybrids 
of the same type. The latter gave about 21 per cent of dwarfs 
among their progeny. : 

3. The mutant hybrids, fertilized by O. gigas nanella, yield 
30-43 per cent, theoretically 50 per cent, of dwarfs. 

4. In artificial crosses with O. gigas the dwarfs follow the law 
of MENDEL. 

5. The production of dwarfs from O. gigas by means of mutation, 
therefore, is to be considered as requiring the copulation of two 
gametes, both of which are potentially mutated into dwarfs. The 
mutant hybrids must then be the result of the fertilization of a 
mutated gamete by a normal one. They are correspondingly less 
rare than the dwarfs themselves. 

6. In combination with the fact that the dwarfs of O. Lamarcki- 
ana do not follow the law of MENDEL, either in their origin by muta- 
tion or in artificial crosses with the parent species, these conclusions 
reveal a new differential character between O. gigas and its parent 
species, 
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The significance of the discovery of the mutability of Oenothera 
Lamarckiana, O. biennis, and allied forms is a double one. In the 
first place, it provides us with material for experimental investi- 
gations into the laws which govern the origin of living forms by 
means of the production of new characters and of the loss of exist- 
ing ones. The knowledge of such laws must become of the highest 
practical value as soon as the evidently limited possibilities of 
producing new forms through the recombination of characters by 
means of crossing becomes exhausted. This conclusion seems 
especially well founded, since the old conception of improving 
agricultural races after the principle of slow and continued selections 
has now generally been abandoned and replaced by the direct 
selection of elementary types out of the mixtures which constitute 
the so-called agricultural races and varieties. 

The appearance of really new characters seems to be a very 
rare phenomenon in nature, and a case in which such changes 
regularly occur in one or more per cent of all the individuals affords 
material for experiments, the results of which may be expected 
to apply to a large series of other species also, including, probably, 
an important number of agricultural crops. 

In the second place, the mutability of the evening primroses 
has a distinct bearing upon the theory of mutation, or of the origin 
of all living species from one another by sudden leaps instead of 

169 
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by slow and almost invisible changes as was assumed by DARWIN. 
The theory itself does not, of course, depend on this or other single 
instances; it is founded upon general considerations taken from 
almost all branches of biological and paleontological research, as 
I have often pointed out." 

One of the main arguments is the statement that adaptations 
cannot, as a rule, have been produced by slow improvements, and 
that quite a large number of differentiations in organization, if not 
almost all the really important ones among them, are not adapta- 
tions at all. 

Apart from our-poetical admiration of nature, we have no other 
way of judging the reality and efficiency of supposed adaptations 
than by their effects in the struggle for life. Species which are 
distributed over large countries and occur in thousands of indi- 
viduals are evidently well fitted for their life conditions. Newly 
introduced forms, which are spreading with astonishing rapidity 
and gaining a large territory often in the lapse of a few years, 
thereby show the highest degree of adaptation to their new environ- 
ment. But a showy differentiation may be followed by a wide 
distribution, as in the case of Drosera, or limit the species to a 
relatively very small area, as in Dionaea. 

Of late J. C. Wixtts has brought forward the most conclusive 
evidence against the theory of natural selection and in favor of an 
origin of species by mutation.2, He bases some of his arguments 
upon his observations of the endemic species of Ceylon, such as are 
found in Coleus, Acrotrema, and other genera. If these endemics 
had evolved according to the law of natural selection, in consequence 
of a gradually increasing adaptation to their local environment, 
it would follow that they must now be better adapted than their 
parent types, conquer these in the struggle for life, and become 
quite common, while the old forms would tend to disappear. As 
a matter of fact, however, their’ behavior is quite the contrary. 

* DeVries, Huco, The mutation theory, 2 vols. 1909-1910; Species and varieties, 


their origin by mutation, 2d ed., 1906; Die Mutationen in der Erblichkeitslehre. Pp. 42. 
Berlin. 1912; The principles of the theory of mutation. Science 40: 77-84. 1914. 

? WILLIs, J. C., Some evidence against the theory of the origin of species by natural 
selection of infinitesimal variations, and in favor of origin by mutation. Ann. Roy. 
Bot. Gard. Peradeniya 4:1-15. 1907. 
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The endemics are rare, often strictly local, and grow in the midst 
of a luxuriant vegetation of their widely spread and thriving 
ancestors. It is hardly necessary to point out that this conclusion 
holds good not only for Ceylon, but for the origin of endemic and 
local species in general. 

Wits has also called attention to the Podostemaceae and 
the allied group Tristichaceae. They show one of the most inter- 
esting illustrations of a very rich differentiation without the least 
indication of a relation to their environment. A very great uni- 
formity in the conditions of life is combined with a most remarkable 
variety in their morphological structure. In the Podostemaceae 
the flowers are anemophilous, terminal, and erect, but combine 
with these characters of low organization the highest degrees of 
dorsiventrality and of differentiation, and this without any refer- 
ence to advantages or disadvantages to be derived from them in 
their functions. Numerous points of similar significance in the 
structure of the vegetative and reproductive organs are pointed 
out by the author. Moreover, the genera Tristicha and Podo- 
stemon, which are widely distributed, are comparatively little 
modified from the earlier types of the orders, while the highly 
specialized forms are at the same time the rarest, exactly as in 
the case of the endemics of Ceylon. 

In the group of the evening primroses the same principles 
prevail. Their struggle for existence is limited by the difficulties 
which they have in producing roots. Cuttings almost never suc- 
ceed in rooting, with the exception of the lateral rosettes at the 
base of the stem. Artificial transplanting becomes difficult as 
soon as the main root increases in size. In the field only a small 
percentage of the seeds germinate and thrive, and this only under 
special conditions. They want a stirred up soil and do not like 
to grow between other plants. These characters are common to 
all the forms which I have had an opportunity of studying in their 
native habitats. On the other hand, the numerous small specific 
differentiations, such as the form of the leaves, the branching of 
the stem, or the structure of the flowers and fruits, do not show 


3 WiL1Is, J. C., On the lack of adaptation in the Tristichaceae and Podostemaceae. 
Proc. Roy. Soc. 8:532-550. 1914. 
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contradiction with the other hypotheses. If we accept these views, 
all reasons for supposing a correlation between the splitting phe- 
nomenon and the mutability would lose their value, and this 
latter process would come much nearer to the corresponding 
changes in O. biennis and allied species. The hypothesis, although 
resting on too large a number of suppositions, would in some sense 
be a support for the theory of mutation, since it is evidently impos- 
sible that these presumed qualities, which are incompatible with 
life, could have evolved slowly on the ground of their utility in the 
struggle for existence. Moreover, the hypothesis has no direct 
bearing on the observed phenomena of mutation, and the fact that 
in O. biennis such empty seeds are wholly or almost wholly absent 
proves beyond doubt that mutability may be independent of 
them. Thus the hypothesis of RENNER emphasizes the importance 
of a study of the mutation phenomena in O. biennis, in contra- 
distinction to those in O. Lamarckiana, at least for the present, 
until facts are available to appreciate the correctness of his views. 

Obviously the hypothesis that O. Lamarckiana might be a 
hybrid, whilst O. biennis is not, can in no way account for the 
phenomena of mutation which are common to both of these species. 
For this reason it seems important to describe the degree of muta- 
bility as it has been observed, up to this time, in O. diennis, which 
is, next to O. Lamarckiana, the most suitable species for this kind 
of research. The mutations in the other forms seem to be far 
more rare, and therefore require many more thousands of indi- 
viduals for a statistical study or for experiments upon their causes. 

Besides the assumption that O. Lamarckiana might be a hybrid, 
some authors have recently pointed out that hybridism may be one 
of the chief ways in which species are produced in nature, especially 
in the larger or so called polymorphous genera. LINNAEUS was 
the first to propose this hypothesis, at the time when the number of 
discovered forms was growing so fast as to make it almost impossible 
to assume a separate creation for every one of them. I have not 
the least doubt that LivnaEus and his followers were right in this 
point, and that many wild species have been produced by the 
sexual combination of the characters of their allies. How great 
a réle this kind of hybridization or of the recombination of char- 
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acters has played in the production of species in nature is a question 
which it is impossible to answer at the present time. There is no 
doubt that numerous hybrids are continually produced in nature, 
but almost all of them disappear after a relatively short period 
of existence. Even in such genera as Cirsium and Salix, which 
are known to be rich in hybrids, our knowledge concerning the 
propagation of hybrid strains is very small.7 It is quite possible 
that some as yet undiscovered principle of purification (Selbst- 
reinigung der Arten) prevails on a large scale, and if this should 
be so, we must expect hybrid races to be rather rare in the field. 

FocxeE has published a list of forms which have been dupli- 
cated by means of artificial crosses,’ and quite a number of later 
instances have been added to this list, the latest of them being 
the reconstruction of O. biennis leptomeres out of O. biennis L. and 
O. atrovirens Bartlett (O. cruciata of my Gruppenweise Artbildung), 
by means of the expulsion of the undesirable characters in double 
reciprocal crosses.? But all such facts point rather to a relative 
rarity of hybrid races in nature, outside of the small number of 
well known polymorphic genera. 

GATES assumes that crosses between species or between ele- 
mentary species often occur in nature among allogamous or open- 
flowered forms.” But, according to my own experience, even in 
such cases hybrids are rare in the wild state, and hybrid races 
must be much rarer still. The slightest degree of weakening of 
the individual vigor will doom such hybrids to extermination, even 
as. most of the occasional white flower mutations in nature dis- 
appear sooner or later, without starting a permanent variety. 

In order to save the hypothesis of hybridism as a cause of the 
mutable condition of the evening primroses, different authors have 


7 For the hybrids of Cirsium see C. NAGELI, Dispositio specierum generis Cirsii tam 
genuinarum quam hybridarum, in G. D. J. Kocu, Synopsis Florae Germanicae et Helveti- 
cae, pp. 743-760. 1857; and for the willows see Max Wicuura, Die Bastardbefruchtung 
im Pflanzenreich, erldutert an den Bastarden der Weiden. Breslau. pp. 95, mit zwei 
Tafeln. 1865. 

8 FockE, W., Die Pflanzenmischlinge. 465-468. 1881. 

9 Gruppenweise Artbildung. Berlin. 311-312. 1913. 

toGates, R. R., Mutation in Oenothera. Amer. Nat. 45:577-606. 1911; see 
Pp. 578-579. 
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proposed different auxiliary suppositions. And since the possi- 
bility is acknowledged that mutability may be far more widely 
spread within this group than we now know, such suppositions 
must not be of a limited nature, but applicable to large divisions of 
the vegetable kingdom. KraRrney, in studying the mutations of 
the Egyptian cotton, comes to the conclusion that these and other 
mutations might be the result of crosses between remote ancestors, 
but that these crosses have left no other traces in their descendants 
than ‘‘the disturbance of germinal equilibrium, which manifests 
itself in the production of mutants.” It is not very clear how 
this supposition is to bring the problem nearer to its solution. 

In a recent article in this journal,” JEFFREY takes an opposite 
position. He assumes that the ancestral crosses have left another 
visible trace in their descendants, which is the partial sterility of 
their sexual cells. It is a well known fact that many hybrids have 
partially sterile pollen, while acknowledged species have, as a rule, 
only fertile pollen grains. JEFFREY assumes this rule to be without 
exceptions, but does not adduce any arguments in favor of this 
hypothesis. It is difficult to judge the value of an argument so 
long as the facts upon which it rests have not been submitted to 
criticism. But I might suggest that it seems rather hard to recon- 
cile this view with the fact that in angiosperms three of the four 
megaspores are usually sterile, while only one produces an embryo 
sac. Are we to deduce from this fact, in connection with JEF- 
FREY’S hypothesis, that all angiosperms are hybrids, at least on 
the maternal side ? 

Numerous special arguments could be adduced. It may suffice, 
however, to point out the genus Carex, in some of the best species 
of which the pollen is in the same condition, three of the grains of 
each tetrad being sterile and only one fertile.3 Every single grain 
of the ripe pollen is a tetrad, showing the very reduced rudimentary 
remnants of three of its cells as a flattened investment of the 
fertile one. 

Kearney, T. H., Mutation in Egyptian cotton. Jour. Agric. Research 2:287- 
302. I9I4. 


v Jerrrey, E. C., Spore conditions in hybrids and the mutation hypothesis of 
DeVries. Bor. Gaz. 58:322-336. 1914. 


3 JuEL, H. O., Die Entwickelung der Pollenkérner bei Carex. Jahrb. Wiss. Bot. 
35:649-656. Ig00. 
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In the article just quoted, no parallelism has been attempted 
between the presence of sterile pollen grains and the already numer- 
ous published instances of mutations outside of the group of the 
evening primroses. Let us take for instance Capsella Bursa- 
pastoris, which has produced C. Heegeri and C. Viguieri.% Its 
pollen is devoid of sterile grains. Here we have a clear case of 
partial sterility not being the cause of mutability. On JEFFREY’s 
principle we must acknowledge C. Bursa-pastoris as a good species 
of undoubted gametic purity, and therefore it is evident that even 
the purest species may be in a mutable condition. From this we 
infer that mutability in itself does not justify the supposition of 
a hybrid origin, and that attacks on the gametic purity of the 
evening primroses have no real support on this side of the question. 
T have cultivated both C. Heegeri and C. Viguieri in my experiment 
garden; the first of them has globular and the other four-winged 
capsules. Both are historically known to have arisen suddenly 
from the parent stock, and come true to seed. 

Jerrrey lays stress mainly on the fact that partially sterile 
pollen is a widespread phenomenon among the allies of the evening 
primroses. Whether it runs parallel to their mutability has not 
been investigated, and as a matter of fact it does not seem to be 
much more highly developed in O. Lamarckiana and O. biennis than 
in the other members of the group. 

The question of the partial sterility of the Onagraceae has been 
most thoroughly dealt with by GrErts.* He sums up his results 
as follows: The genera Jussieua, Zauschneria, Epilobium, Bois- 
duvallia, and Lopezia are wholly fertile; they show neither rudi- 
mentary ovules nor sterile pollen grains. Only in Epilobium and 
Boisduvallia some rare pollen tetrads may sometimes miscarry. 
In the genera Clarkia, Eucharidium, Godetia, and Gaura all the 
ovules are fertile, but among the pollen grains about 30 per cent 


«4 Sotms-Laupacu, H., Capsella Heegeri Solms, eine neu entstandene Form der 
deutschen Flora. Bot. Zeit. 10:167-190. pl. 7. 1900. 

BLaRIncHEM, L., Fleurs proliféres du Cardamine des prés. Bull. Soc. Bot. France 
60:304-311. 1913; and Les transformations brusques des étres vivants. Bibl. Phil. 
Sci. Paris. 1911 (see pp. 119-147). 

1s GEERTS, J. M., Beitrage zur Kenntnis der Cytologie und der partiellen Sterilitat 
von Oenothera Lamarckiana, Amsterdam. pp. 114, mit 24 Tafeln. 1901; see p. 93. 
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are sterile. Kuneifia, Xylopleurum, and Lavauxia have some rudi- 
mentary ovules as well as sterile pollen grains (10-50 per cent). 
In the genus Oenothera, with the subgenera Onagra, Euoenothera, 
and Anogra, the percentage of sterility is about 50 per cent in the 
ovary as well as in the anthers. In the first group about 4o species 
were studied, in the second 30, in the third 10, and in the last 
40, making together about 120 species. If in the last three groups 
some species were pure, and devoid of sterile sexual cells, they 
would no doubt have been discovered, and the supposition that 
the remainder might be considered as their hybrids would have 
found support. ' But this was not the case, and if we wish to ascribe 
the presence of all these sterile sexual cells to ancestral crosses, the 
crosses must be supposed to have taken place, or at least to have 
begun, among the ancestors of the whole family, with the exception 
of the Lopezieae, the Jussieueae, and the Epilobieae. It seems 
hard to have to suppose that the whole pedigree of the Xylo- 
pleurinae, the Clarkiinae, and the Oenotherinae should have had to 
go through the development of partial sterility in order to produce 
the present mutability of Oenothera Lamarckiana and half a dozen 
or perhaps even a dozen of its nearest allies. 

The second main supposition, namely that hybridism might 
be a cause of mutability, is dealt with by JEFFREY in a particular 
way. He assumes ‘“‘that there is every reason to suppose that it 
has been an agency of great importance in multiplying species, 
although it is logically inconceivable in the present state of our 
biological knowledge that it could have presided at their origin.” 
The first of these two alternatives represents, so far as I can see, 
a conviction which is at least very widely spread among biologists 
ever since the time of LinnaEus. It by no means contradicts the 
theory of natural selection, nor that of mutation, nor any other 
evolutionary principle. It has no obvious reference to the phe- 
nomena observed in the evening primroses, since with them the 
production of new forms takes place in pure lines of a species which 
has come down to us unchanged during at least a century, since 
the time MicHavx discovered it in the United States and sent it to 
Europe.” At least there is no direct recombination of characters 


6 The probable origin of Oenothera Lamarckiana. Bot. Gaz. §7:345-360. 1914; 
see pl. 19. 
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by actual crosses between different elementary types, such as we 
ordinarily suppose to occur in polymorphic groups in nature. 

The other alternative, that it is logically inconceivable that 
hybridism could have presided at the origin of new species, coin- 
cides ’exactly with the current conception of the mutability in the 
evening primroses. New forms originate through the evolution 
of new characters, as in O. gigas and O. rubricalyx;*’ or through 
the loss of existing ones, as in O. nanella and O. rubrinervis; or by 
means of the appearance of qualities, which were probably latent 
in ‘the parent race, as in O. lata and O. scintillans.*® These cases 
are evidently not recombinations of existing characters. If it is 
conceded that the hypothesis of a hybrid origin does not apply to 
them, it is obviously unimportant for the theory whether or not, 
besides them, there are other instances which may be considered 
as hybrid recombinations. O. semigigas, which is a hybrid between 
a normal and a mutated sexual cell, has never been considered as 
an argument against the mutation theory. 

In cultures of chrysomelid beetles, W. L. TowEr has observed 
hereditary changes which run almost parallel to the mutations of 
O. Lamarckiana. He started from crosses between Leptinotarsa 
decemlineata, L. multitaeniata, and L. oblongata, and obtained 
constant races. When given proper treatment by changing their 
environic factors, these races could be made to break up, and they 
did so in a manner at least partially analogous to that of the 
evening primroses.” 

It is obvious that the fact that mutations may be artificially 
induced in hybrid strains does not contradict the contention that 
they may arise in pure strains also. But from the experiments of 
TOWER it seems that some hybrid strains at least are more liable 
to show the phenomenon. 


17Q. gigas is considered to be a progressive mutant on account of its double number 
of chromosomes and its special behavior in crosses. O. rubricalyx, which arose in the 
cultures of Gates from rubrinervis, and which IJ cultivated this summer from seeds 
kindly supplied by him, is perhaps the most beautiful among all the mutants of 
O. Lamarckiana. Its red color is something quite new in the group. It behaves as a 
Mendelian dominant in crosses with its parent species and is therefore obviously of a pro- 
gressive nature; see GATES, R. R., Amer. Nat. 45:600. 1911. 

8 See Gruppenweise Artbildung. Berlin. pp. 244-260. 1913. 

19 TowER, W. L., Evolution of the chrysomelid beetles. Carnegie Institution of 
Washington Yearbook no. 12:68-71. pl. 3. 1913. 
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Let us now consider the production of new forms analogous to 
the mutations of O. Lamarckiana observed in allied species. The 
theoretical significance of these facts lies in the proof that any 
hypothesis to explain such phenomena on the ground of qualities 
which are special to LAMARCK’s evening primrose is to be con- 
sidered as wholly inadequate. 

The first instance of mutability shown by another species than 
O. Lamarckiana was the production of a dwarf by O. biennis 
cruciata, a form which is now to be described as O. biennis var. 
leptomeres Bartl. This form was first discovered in 1900 by my 
son Ernst DE VRIEs in the sand dunes near Santpoort in Holland, 
where a single specimen of O. biennis bore linear petals, while all 
the surrounding individuals were normal O. biennis-L. It had 
evidently arisen there by mutation.” From it a constant strain 
has been derived, which is still in cultivation.* Among about 
600 plants of this variety a single dwarf arose in 1903.” It had 
all the marks of O. biennis L. combined with the stature of a dwarf 
and the linear petals of the parent form. 

Shortly afterward Stomps discovered, in his cultures of hybrids 
between this cruciata variety and the original species, another 
dwarf and, moreover, a new mutant type, O. biennis semigigas.3. 
Both arose from guarded seeds without any intermediate steps, 
in the same way that the mutants of O. Lamarckiana are known 
to arise. They had cordate petals, the dwarf having in other 
respects the same characters as the dwarf of O. biennis leptomeres, 
and the semigigas having 21 chromosomes in its nuclei. Stomps 
was the first to lay stress on these facts as a proof that mutability 
is not limited to O. Lamarckiana, and that, even if this latter 
species should have to be considered as a hybrid, mutability can- 
not be explained as a result of such a condition, since there is not 
the least doubt concerning the gametic purity of O. biennis L.”4 

20 Die Mutationstheorie. Leipzig. 1900; see 2:599. 

21 Pure seeds of this pure strain I shall be glad to send to any botanist interested 
in these questions. 

2 Uber die Dauer der Mutationsperiode bei Oenothera Lamarckiana. Ber. Deutsch. 
Bot. Gesells. 33:387. 1905. 

23 Stops, Tu. J., Mutation bei Oenothera biennis L. Biol. Centralbl. 32:532. 1912. 


4 Davis, B. M., Mutations in Oenothera biennis L. Amer. Nat. 47:116. 1913; 
also Parallel mutations in Oenothera biennis L. Amer. Nat. 48:498-501. 1914. 


1915] DE VRIES—OENOTHERA BIENNIS 181 


From these discoveries it was pretty safe to deduce that the 
pure O. biennis must also be in a state of mutability, and the first 
thing to do was obviously to make extensive cultures in order to 
find the pure line mutants. Sromps cultivated over goo individuals 
of the third and fourth generations of a pure line, derived from a 
rosette collected by him in the sand dunes near Beverwyk, Holland, 
in 1905.8 Among these he found one O. biennis mut. nanella, one 
O. biennis mut. semigigas, and also four instances of the pale- 
yellow variety O. biennis sulfurea. The first two he calls parallel 
mutations, since they are analogous to the dwarfs and semigigas 
mutations of O. Lamarckiana and arise in the same way and with 
the same differentiating characters. The experimental origin of 
O. biennis sulfurea by mutation clearly shows that this variety, 
which is anything but rare in some parts of our sand dunes, may 
arise in the same way in the wild condition and afterward propa- 
gate itself by seeds. 

The production of dwarfs from O. biennis by mutation has 
since been repeated more than once in my cultures of hybrids 
between this species and some of its allies,° and a Jata mutant from 
O. biennis has been reported by Gates and described under the 
name of O. biennis mut. lata. Besides O. biennis, some allied 
species also are now known to show the phenomenon of mutation. 
Among these, an American form of O. biennis, which I cultivate 
under the preliminary name of O. biennis Chicago, has been studied 
more extensively than any other form. I had already found in 
the neighborhood of Courtney, Miss., in 1904, in a locality called 
“the bottom,” along the shores of the Missouri River, a single 
specimen with ‘narrow, almost linear leaves. Evidently it con- 
stituted a wild mutation from the surrounding type.” 

Seeds taken from the normal specimens of this locality have 
since produced in my garden two mutations, which proved, in 
their progeny, to give constant and uniform strains and which 
I have cultivated during a series of years under the names of 


23 Stomps, Tu. J., Parallele Mutationen bei Oenothera biennis L. Ber. Deutsch. 
Bot. Gesells. 32:179-188. 1914; also Parallel mutations in Oenothera biennis L. Amer. 
Nat. 48:494-497. I914. 

26 Gruppenweise Artbildung. pp. 300-301. Berlin. 1913. 

27 Of. cil. Pp. 304. 
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O. salicastrum and O. salicifolia.8 The first plants are as high as 
O. biennis Chicago, attaining 2 and sometimes (1914) almost 3 
meters in height. They differ mainly in having narrower leaves. 
The salicifolia, on the contrary, is different from its parent species 
in almost all respects, being richly branched and rarely attaining 
one meter in height. It has almost linear leaves of a special blotted 
green, small erect flowers and long thin fruits. Analogous muta- 
tions have from time to time been observed in hybrid cultures of 
O. biennis Chicago. 

Under the name of metaclinous hybrids I have described the 
curious phenomenon that heterogamous species from time to time 
produce among their hybrids from one cross, in one or a very few 
specimens, the type which is ordinarily that of the reciprocal 
hybrid.”? For instance, the cross O. biennis ChicagoXO. Lamarck- 
zana gives the twin hybrids densa and laxa, while O. Lamarckiana 
XO. biennis Chicago produces the twins O. laeta and O. velutina. 
Now among the first hybrid cultures sometimes a velutina, and 
more rarely a laeta, arises, and among the latter sometimes a /axa. 
Evidently some latent mutation, on the part of O. biennis Chicago, 
must be responsible for the production of these aberrant types. 
Analogous metaclinous hybrids have been described for O. atro- 
virens Bartl.® 

Narrow-leaved mutations have also been seen in cultures of 
O. muricata, and of late (1914) in those of O. suaveolens Desf.3 
Moreover, O. grandiflora, collected by Mr. BARTLETT and myself 
at Castleberry in Alabama, throws off aberrant forms, one of which 
has broader and the other almost linear leaves. 

8 For descriptions and figures see Gruppenweise Artbildung. pp. 304-307. 

209 Op. cit. p. 308. 


3 This is the species described in my book Gruppenweise Artbildung under the name 
of O. cruciata. For its metaclinous hybrids see pp. 309-310. 

3" For the different varieties and mutations of O. muricata see also Gates, R. R., 
A contribution to the knowledge of the mutating Oenotheras. Trans. Linn. Soc. II. 
Bot. 8:1-66. pls. 1-6. 1912. 


# For O. grandiflora see GATES, op. cit. p. 38. If the three types of O. grandiflora, 
observed in my garden, occur also at Dixie Landing, Alabama, and have crossed, each 
of them, with O. Tracyi, and have perhaps produced twin. hybrids and unlike recip- 
rocals, this might explain the large number of forms observed on that spot; see Science 
38:600. IgI2. 
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Lastly, mutations have been observed by H. H. BarrLett3 
to arise in O. stenomeres, a new species of Montgomery, Maryland. 
In the fourth generation of a pure strain, embracing 106 indi- 
viduals, he found three aberrant types. One was a self-sterile 
plant, the second had thick buds and short thick fruits, and the 
third was a stout and very hairy individual with densely hairy 
petals, which justify its new name O. stenomeres mut. lasiopetala. 
Hairy petals constitute quite a new discontinuous variation among 
the evening primroses, since all individuals of O. stenomeres, as 
well as the allied species now being studied in this respect, have 
petals which are glabrous, except under microscopic examination. 

From this list we see that at least seven species, besides 
O. Lamarckiana, are now known to be in a condition of mutability, 
namely O. biennis L., O. biennis Chicago, O. muricata L., O. atro- 
virens Bartl., O. suaveolens Desf., O. grandiflora Ait.,4 and O. 
stenomeres Bartl. Probably more or less numerous allied forms 
will prove to be in the same condition as soon as they are tried 
on a sufficiently large scale. Therefore, this mutability can no 
longer be explained on the ground of observed or supposed char- 
acters of O. Lamarckiana which would distinguish this species 
from the other types of the group Onagra. 

O. biennis L., the European type of the species, which is growing 
wild and in large quantities in the sand dunes of Holland, where 
it had already been observed and collected by LINNAEUS, is, next 
to O. Lamarckiana, the most suitable for researches concerning 
mutability. Davis says, ‘“‘No wild species of evening primrose 
has been so long under experimental and field observation or is 
better known to the workers with Oenotheras than this plant. 
The species has proven uniform to a remarkable degree, and it 
would be difficult to find a type of Oenothera so free from suspicion 
of gametic purity. The species appears to have been in Holland 
since pre-Linnean days, and is therefore very old. As material 

3 BarTLETT, H. H., An account of the cruciate-flowered Oenotheras of the subgenus 
Onagra. Amer. Jour. Bot. 1:226-243. pls. 19-21. 1914; see p. 236. 

34 Concerning the specific difference of the two last named forms, which have often 


been considered as synonyms, see L’Oenothera grandiflora de Vherbier de Lamarck, 
Travaux de biologie végétale dédiés A Gaston Bonnier, Rev. Gén. Bot. 25?:151-166. 


Sig. I. 1914. 
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for experimental studies on mutation, the Dutch biennis seems to 
the writer the best of all Oenotheras so far brought into the experi- 
mental garden.*5 

In order to determine the coefficient of mutation for O. biennis 
L., I have made a culture of about 8500 individuals, all of which 
have'been studied from their germination to the period of flowering 
and of fruiting. In the interest of subsequent cultures they have 
been pulled out before ripening their seeds, with the exception of 
a sufficient number of their mutants, which were cultivated with 
some of the true individuals in another garden. 

The seeds for this culture were taken from the pure line pedigree 
plants of Sromps, which were derived from a single rosette of 
radical leaves collected by him in 1905 in our sand dunes near 
Wyk aan Zee. In this part of our country, no other species of 
Oenothera are growing and no intermingling of forms has to be 
feared. From seed of this plant, self-pollinated, a second gener- 
ation was grown in r1gro and a third generation in 1912. Self- 
pollinated individuals of these two generations gave the seed for 
the cultures of Stomps in 1913 and for mine in 1914. These latter 
came from three and four parent plants, the descendants of which 
numbered respectively 5500 and 3000. Of course I sowed almost 
all the available seed, and their culture just covered the field at 
my disposal outside of my experimental garden (about 600 square 
meters). Thus all my plants belonged to the same pure line as 
those of Stomps, and the individuals which supplied the seeds had 
been cultivated under the most favorable conditions obtainable. 

The seeds were sown in January, the seedlings transplanted 
into wooden boxes in March, and brought on the field in the middle 
of April. This early sowing and transplanting is with us the most 
effective means of making the plants annual, and in my whole 
culture less than a dozen individuals failed to flower. 

It was possible, this time, to pick out the dwarfs from the 
wooden boxes before the transplanting into the field. By this 
means a second change of place was avoided, and the dwarfs could 


3s Davis, B. M., Parallel mutations in Oenothera biennis L. Amer. Nat. 48:409. 
1914. 

36 Stomps, Tu. J., Parallele Mutationen bei Oenothera biennis L. Ber. Deutsch. 
Bot. Gesells. 32:179-188. 1914. 


1915] DE VRIES—OENOTHERA BIENNIS 185 


be cultivated together on a bed of my experiment garden, which 
enabled me to inspect them almost every day during their develop- 
ment and through the whole summer. The characters which 
distinguish the dwarfs in the stage of young rosettes, with leaves . 
a few centimeters in length, were discovered in the following way. 

The self-pollinated flowers of the dwarf specimen of Stomps 
in 1913 had set no good seeds, but flowers pollinated from pure 
biennis had produced some fruits. Now my O. Lamarckiana mut. 
nanella, when crossed with O. biennis, yields only, or almost only, 
dwarfs. Therefore, the expectation was justified that such might 
also be the result of the cross O. biennis mut. nanellaXO. biennis. 
Seeds from this cross had been sown about the same time; they 
yielded 108 seedlings, all of which have been planted out and have 
flowered. They were dwarfs without exception, reached in Sep- 
tember a height of 40-45 cm. only, were richly branched, and had 
all the marks of O. biennis combined with the dwarfish stature 
and the liability to the same bacterial disease as is shown by the 
dwarfs of O. Lamarckiana. The young rosettes of these crossed 
biennis dwarfs clearly differed from the rosettes of the pure biennis. 
After the three or four first leaves with long petioles, there followed 
a group of leaves with smaller stalks and some sessile ones, thereby 
rendering the whole rosette far more compact than the corre- 
sponding ones of the pure biennis. With this character as a cri- 
terion, I isolated from my pure line boxes 8 individuals. One of 
them proved afterward to be a mistake; it was a pure bzennis. 
Seven were dwarfs and have flowered; they were, in all external 
respects, like the crossed dwarfs of the control culture. Among 
the 8500 remaining plants I discovered later, in the field, only one 
dwarf. This shows that the characters were sufficiently reliable. 
Allin all, I had 8 dwarfs in 8500 plants, making about 0.1 per cent. 
They occurred among the progeny of one of the self-pollinated 
mothers in the second generation (3 dwarfs), and of three of 
the parents in the third generation (5 dwarfs). Some of them have 
set good fruits after self-fertilization. 

One of the most interesting and useful features of O. biennis L. 
is its propensity to make lateral rosettes from the base of the 
flowering stem. It is possible to isolate these rosettes and to have 


186 BOTANICAL GAZETTE [MARCH 


them grow separately. The experiment succeeds easily if the 
rosettes have produced one or two roots of their own, however 
young and slender these may be. O. biennis nanella shows the 
same character, and in August I succeeded in isolating from my 
8 pure line dwarfs 8 rosettes, all of which have since developed 
into healthy young plants with some long and narrow leaves, 
followed by almost sessile ones, quite different from the rosettes 
of normal O. bdiennis. 

Moreover, two nanella mutants occurred in the cultures of 
O. biennis sulfurea which I shall have to describe later. These 
cultures were grown from self-pollinated seeds of the four sulfurea 
mutants of Stomps (1913), and embraced over 1000 flowering 
individuals, the flowers of which were pale yellow without exception. 
Two of these plants proved to be dwarfs and were transplanted into 
my experimental garden. Both of them have flowered with pale 
flowers, have been self-pollinated, and yielded a sufficient harvest 
of seeds. The coefficient of mutation in this race was therefore 
o.2 per cent, which does not differ essentially from the first instance 
(0.1 per cent). These dwarfs are the founders of a new race, 
O. biennis sulfurea nanella, which I propose to cultivate next year. 
Its pedigree name would be O. biennis mut. (1913) sulfurea mut. 
(1914) nanella. It is a double mutant, such as are quite common 
in horticulture, and shows the way in which wild species would 
have to be analyzed. 

I used the pollen of the O. biennis nanella of Stomps, in 1913, 
for two crosses, which may be briefly mentioned here. In the first 
place, I fertilized castrated flowers of the pure line of O. biennis. 
The pollen was not abundant, and I got only 15 good seeds, all of 
which have germinated and become stout flowering plants. They 
differed from normal O. biennis in no respect and at no moment 
during their development. Their self-pollinated seeds will have 
to be sown next year. In the second place, I pollinated O. Lamarck- 
zana@ with the pollen of O. biennis nanella. From this cross I had 
a culture of 55 individuals, all of which have flowered. One of 
them proved to be a /ata mutant, having besides the Jata marks the 
same characters as its sisters. These were all alike and in no way 
different from the ordinary and well known type of O. Lamarck- 
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tana X brennis, which, moreover, flowered at the same time on other 
plots of my garden. A number of these plants have been self- 
pollinated. Thus we see that the pollen of O. biennis nanella gives 
in these cases exactly the same forms as that of pure O. biennis, 
at least so far as the first generation is concerned. 

The specimen of O. biennis semigigas of the cultures of Stomps 
had only matured seed in the capsules which had been pollinated 
by pure O. diennis, without being castrated. From these seeds 
two types arose, neither of which was a semigigas. All in all, 
there were 19 plants, belonging to two forms, besides a mutant. 
This last was a dwarf, which, however, has not flowered. Of the 
remainder, ten individuals were pure biennis during their whole 
life and in all their marks. They had the normal number of 
chromosomes, namely 14, and gave a normal harvest of seeds. 
The others, 8 in number, were different from these in almost all 
respects, though but slightly. The color of their foliage was 
a whitish green, the leaves more flat, and with white veins. The 
spikes were more elongated, the flower buds more slender, the 
flowers small and erect, the fruits thin and cylindrical and rela- 
tively poor in seeds. These plants had 15 chromosomes, like 
the O. Lamarckiana lata studied recently by GaTEs and Miss 
THomas.7 But they had none of the characters of a lata, showing 
thereby that the number of chromosomes, even if differing from 
the type, does not necessarily run parallel with the external 
features. 

Further studies will have to show why one-half of the progeny 
of this cross came true to the characters of the pollen parent, while 
the other half constituted a new and uniform type, differing from 
all the mutations and hybrids hitherto studied in my experiment 
garden; and especially why the characters of the mother of the 
cross should be wholly absent in its progeny. 

The first result of this state of affairs has been that the char- 
acters which the semigigas mutants might show in early youth 
remained unknown, and that it has not been possible to point 
them out before the. time of flowering. In July, all the spikes 


37 Gates, R. R., and Tuomas, N., A cytological study of Oenothera mut. lata and 
O. mut. semilata in relation to mutation. Quar. Jour. Micr. Sci. 59:523. 1914. 
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were carefully mustered and four specimens of the semigigas type 
were discovered. This makes a proportion of 4 to 8500, or about 
0.05 per cent, showing the semigigas mutants to be only half as 
frequent as the manella. On later inspections no additional cases 
were observed, and likewise intermediate or doubtful instances 
were absent. The four plants were exactly alike, save that three 
were very vigorous, and one, grown in a shady part of the garden, 
was very weak. The chromosomes were counted in the first three 
instances and found to be 21, as in the corresponding mutant of 
STOMPS. 

My four mutants were easily discovered by their broad conical 
flower buds and their elongated spikes, which strongly contrasted 
with the dense spikes of the surrounding biennis. They reached 
the same height as these, the lowest flower being go cm. above the 
soil, and the total height about 1.5 meters. The leaves had the 
same form as those of biennis, but were a darker green and slightly 
more pubescent. The pollen consisted of 3- and 4-cornered grains, 
both of which types seemed fertile only for about a quarter. Arti- 
ficial self-fertilization, however, had no result, and on the stigmas 
of O. biennis, O. gigas, and O. Lamarckiana the effect of the pollen 
was very slight, inducing some swelling of the ovaries but no good 
seeds or almost none. Inversely, I have tried to fertilize the 
flowers with the pollen of the three species named, but got a good 
result only in the case of O. biennis. Numerous good capsules with 
a sufficient supply of apparently good but in reality empty seeds 
have been obtained by leaving the flowers free to the agency of 
insects in the midst of the thousands of their flowering sisters, 
while in the same garden no other Oenotheras were grown. 

The three vigorous specimens of the mutant produced some 
lateral rosettes at the base of their stem, even as we have seen in 
the case of the parent species and the dwarf variety. These 
rosettes were isolated and planted in pots in the beginning of 
August; four of them were very vigorous, but the other one rather 
weak. They have thrown off lateral rosettes themselves, and the 
stems repeated the production in two instances. It is proposed 
to try to bring these plants through the winter and repeat with them 
the culture and the experiments of this year. After a month, their 
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leaves reached 15 cm. and more in length and were clearly distinct 
from the normal type of O. biennis, being much broader and 
a darker green. 

Of the four semigigas mutants, two arose from the seeds of the 
same parent which yielded the semigigas of Stomps in 1913. All 
three belonged to the third generation of the pedigree. The two 
others were derived from two different parents of this same gen- 
eration and therefore belonged to the fourth. The reason why 
three of the five came from the same lot of seed was probably no 
other than that the harvest of this plant had been the largest. 
More than one-third of my whole culture (3200 plants) were 
children of this mother. 

No gigas with 28 chromosomes and fertile pollen occurred in 
my culture. With a chance of one sexual cell mutated into O. gigas 
in every 2000, the expectation for the copulation of two such cells 
is evidently only one in every 4,000,000. This would require 
a garden of more than five or six acres (two hectares) and the corre- 
sponding cost of labor. Perhaps some American institution is 
able to carry out the experiment. It may be reduced very essen- 
tially by a previous study of the marks of the young rosettes of 
O. biennis semigigas, so as to be able to plant out almost only these, 
hoping to find the gigas among them; or by studying the external 
influences which may increase the degree of mutability of the 
parents in the desired direction. 

Sulfurea mutants have been far less rare. This was to be 
expected from the fact that Stomps had 4 of them among 920 
plants. From the parent type they differ only in the color of their 
petals, which is a very pale yellow. It is so pale that collectors, 
who see the variety in our sand dunes, often call the petals white. 
In the cultures they are easily seen as soon as the flowers open, 
especially in the evening. I found 27 of them among my 8500 
plants, making a percentage of 0.3 per cent. They occurred in 
the progeny of all the 7 parents of my stock, 13 in the third, and 
14 in the fourth generation. There were 6 parents, whose progeny 
contained o.1-0.3 per cent, and one with 0.7 per cent (of the 
fourth generation).. It is possible that this last parent had been 
more favored by external conditions than the three others of the 
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same group, although it grew among them and did not show any 
higher degree of vigor. 

The fact that sulfurea mutants were observed in the progeny 
of every one of the 7 parents of my culture directly proves this 
line of mutability to be hereditary in the whole family derived from 
the 1905 rosette from Wyk aan Zee. In combination with the 
sporadic occurrence of the pale-colored variety in our sand dunes, 
we may further infer that this mutability is hereditary in the whole 
stock of our country, and probably also in the whole species, since 
sulfurea plants have been found from the time of TOURNEFORT 
in France and other European countries. 

From the mutants constant races may be derived. I sowed 
the self-pollinated seeds of the four mutants of Stomps, and culti- 
vated 205, 225, 271, and 358 seedlings, altogether 1osg plants, all 
of which have flowered and produced only pale-yellow petals, 
making a very striking impression of constancy. When crossed 
with the pure species, the suifurea strains give uniform hybrids 
which are patroclinous. - Those of O. biennis X sulfurea have the pale 
flowers, those of O. biennis sulfurea X biennis show the same bright 
yellow as the parent species.%? 


On experimental germination of seeds 


Of the seeds of Oenothera Lamarckiana ordinarily only about 
one-third produce seedlings, and this proportion is highly variable, 
depending mainly on the conditions of cultivation of the parent 
plant. Among the remaining seeds some contain a normal embryo, 
others a more or less completely decayed one, while still others 
are empty. The last have been thoroughly studied by RENNER, 
who found that they have been fertilized as well as the normal 
seeds and those with decayed embryos. Between these normal and 
externally normal seeds are seen the numerous rudimentary ovules 
which have not been fertilized, and have not essentially increased 
their size after the fertilization of the others. These rudimentary 
seeds have been described by GEERTS, as referred to above. 

38 Self-pollinated seeds of this second generation of O. biennis sulfurea are available 
for exchange in return for other races of mutating primroses. 

39 Gruppenweise Artbildung. p. 208. 
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In the empty seeds the embryo develops only a little, just 
enough to stimulate the seed coats to an almost normal develop- 
ment, in size as well as in structure. For the most part these 
empty seeds are a little smaller and especially a little less broad 
than the others, and can therefore easily be picked out of a sample. 
But quite a good many are externally exactly like good seeds 
and cannot be distinguished from them without being opened. 
RENNER states that about one-half of the seeds are in this empty 
condition. 

By means of a hard steel needle with a curved tip it is easy to 
make the seeds burst, especially after a thorough wetting. The 
seeds which contain 4 healthy embryo will discharge it; the 
unhealthy seeds will protrude a slightly brownish pulp; and the 
empty seeds show the lack of contents, except a thin layer of 
endosperm in the embryo sack. The various groups may be 
counted out in this way, but the limits between the originally 
empty seeds and those which have become more or less empty by 
an early decaying of their germs are not sharp and often dependent 
upon the health conditions of the seed-bearing individual. 

Among the seeds with a normal and healthy embryo some will 
germinate during the first days after sowing, especially if the 
temperature is a favorable one. Others will follow sooner or later, 
some after.weeks or months, while still others may remain dormant 
for years. It is not an uncommon case that the proportion of the 
rapidly germinating seeds is a very small one, and in this case 
a large quantity of seed is necessary to secure a small number of 
seedlings. Moreover, in those cases where the seeds do not pro- 
duce a uniform progeny, but a mixture, as, for example, with twin 
hybrids or in hybrid splitting, the possibility cannot be denied that 
the numerical proportion of the components of the mixture may 
be different for the rapidly germinating seeds as compared with 
the others. In other words, percentage figures may be influenced 
to some degree by the occurrence of a more or less. considerable 
proportion of dormant seeds. 

In order to ascertain the value of this objection, I have made 
from time to time cultures in which the rapidly germinated seed- 
lings were planted out separately from the slower ones. As a 
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matter of fact, I have not found as yet any essential differences 
between the two groups; but the doubt remained that such might 
still be discovered if it were possible to bring to germination all, or 
almost all, the slow seeds of a given sample. For a number of 
years I have tried various means to reach this end, but only of 
late have I succeeded. ; 

It is a well known fact that many kinds of hard seeds may be 
induced to germinate by means of filing. Filing machines, espe- 
cially for the smaller leguminous seeds, are now often used in 
agricultural practice, the best known one being the Swedish type, 
constructed by Hyatmar NItsson, the Director of the Swedish 
Agricultural Experiment Station at Svaléf. It files the seeds in 
a continuous current by throwing them against a rapidly revolving 
filing disk. Unfortunately, in the seeds of the evening primroses, 
the hard layer is not the external tissue, but that of the inner 
integument. The outer coat thus prevents the filing, and experi- 
ments which Professor Nitsson has had the kindness to make for 
me with his apparatus did not give the desired result. 

In the soil the water is imbibed into the seeds through micro- 
scopic and very narrow slits in the hard layer. It is assumed that 
these slits are filled with air which, in the narrower ones, is a power- 
ful obstacle against the penetration of the water. So long as this 
only reaches the cuticularized parts of the walls of the slits, no 
moisture can reach the embryo and this remains dormant. The 
question, therefore, is to compel the water to penetrate into the 
deeper parts of the slits so as to reach the spots which can be 
moistened. 

In order to solve this difficulty, I have tried pushing the water 
into the slits under a high pressure. A compression of the sur- 
rounding air to 6-8 atmospheres has proved to be sufficient to 
induce all or almost all the healthy seeds to germinate in a few 
days. The apparatus used is a combination of an autoclave with 
an air-pump such as is used for automobiles, and the model known 
as the Michelin pump seems to be the easiest and cheapest avail- 
able one, while any autoclave, as, for example, an ordinary steam 
sterilizer, will answer the purpose. Mine has 20 cm. inside diam- 
eter, and can be filled to 8 atmospheres in about five minutes. 
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Before compressing the air in the seeds, these are thoroughly 
soaked with water. Ordinarily they are exposed in small tubes, 
half filled with water, to a temperature of about 30° C. during one 
night. In the autoclave they remain from one to three days, at 
the temperature of the room. My apparatus can accommodate 
over 100 tubes at a time, each containing a different sample. After 
leaving the reservoir, the seeds may be sown in seed pans for 
cultivation or may be left to germinate in the same tubes, if it is 
only intended to determine the proportion of seedlings produced. 
In order to do this the water is poured off through a small sieve, 
the tube is closed by means of a cork, and the seeds are distributed 
along the upper inner side of the tube, this lying horizontally. 
In this way they get exactly the required amount of water and of 
air for a vigorous germination. 

I will now give some figures to show the effect of this pump- 
ing in of air into the previously soaked seeds. After pumping, 
the degree of germination was determined by leaving the tubes 
in a stove at 30° C. and counting the seedlings in samples of about 
200 seeds each. Out of 18 capsules from self-fertilized flowers of 
a spike of O. Lamarckiana, 3400 seeds were counted, a separate 
germinating tube being used for the contents of each fruit. Of 
these seeds, 15 per cent germinated during the first two days and 
only 3 per cent during the two following days, showing the normal 
germination power to be almost exhausted. Then the seeds 
remained three days in water under a pressure of 8 atmospheres, 
after which they were brought back to the stove. The next two 
days produced 22 per cent seedlings, and the four following ones 
added only 1 per cent to this number. Then the remaining seeds 
were tried with aneedle. Only about 5 per cent contained 
embryos, half of which at least were evidently in a decaying 
condition. 

The total of germs was 46 per cent, leaving 54 per cent for those 
with an undeveloped germ. From these figures we see that the 
production of seedlings from a sample of seeds may be more than 
doubled by the pumping method, while all or almost all the healthy 
germs may be made to germinate. Numerous similar instances 
could be added. 
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A sample of seeds of O. biennis, taken from a late flowering 
individual, produced only 2 per cent of seedlings in the first two 
days, while a control sample, after having been exposed in water 
to a pressure of 6 atmospheres, produced at once 80 per cent of 
seedlings. In the same way for O. suaveolens, the percentage was 
increased from 3 to 14 per cent, for O. muricata from 12 to 80 per 
cent, and for O. Cockerelli, a species which is often very slow in 
germinating, from 2 to 72 per cent. 

It is not improbable that in O. Lamarckiana the hard seeds 
may contain more mutants than the easily germinating ones, which 
have thus far been studied. It seems even possible that they may 
conceal some new, as yet unobserved, types of mutations. The 
new method enables us to bring almost all the germs to germination, 
as well as to separate the seedlings of the different groups. 

Before concluding, I may be allowed to recommend this method 
for the study of various other kinds of seeds. also. , 


Summary 


1. Ina culture of 8500 specimens of pure line Oenothera biennis 
L., 8 mut. nanella, 4 mut. semigigas, and 27 mut. sulfurea arose, 
giving the percentages of about o.1 per cent, 0.05 per cent, and 
0.3 per cent. In cultures of O. Lamarckiana the corresponding 
numbers are for O. nanella 1-2 per cent, for O. semigigas 0.3 per cent 
(Gruppenweise Artbildung. p. 329), while no color mutations have 
been observed as yet. With the origin of O. Lamarckiana the 
mutability for dwarfs, therefore, must have increased at least 
tenfold, and for gigas types about sixfold. The material cause 
for this improvement is in all probability the same as or closely 
connected with the cause of the largely increased number of 
mutative forms which are known to start from O. Lamarckiana. 

2. From the cross O. biennis mut. nanellaXO. biennis only 
dwarfs of a uniform type arose (108 Ex). O. biennisXO. biennis 
mut. nanella was in the first generation exactly like pure biennis; 
O. Lamarckiana XO. biennis mut. nanella exactly like O. Lamarckiana 
X biennis. 

O. biennis semigigas is self-sterile, but when pollinated by 
O. biennis gives for one-half pure biennis with 14 chromosomes, and 
for the other half a new, slender type with 15 chromosomes. 
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O. biennis mut. sulfurea easily yields constant races of a uniform 
sulphur color. 

3. The question whether there is any causal relation between 
partial sterility of the sexual cells, hybridism, and mutability has 
to be studied in all those instances in which mutations are known 
to occur or to have occurred. In some of these cases, at least, the 
conditions are far more simple than for the evening primroses, as 
for example in Capsella Bursa-pastoris. 

4. The mutative condition of O. biennis may be ascribed to some 
“‘germinal disturbance” of its hereditary qualities. Or, if we 
replace this vague and meaningless expression by a sharp hypothesis, 
we may assume as its cause the presence of one or more pangens 
in a labile position. The transition from biennis to Lamarckiana 
would then require the addition of one or more pangens in the 
same state, in order to explain the higher percentage of mutants 
and the larger number of their different forms. The presence of 
such labile pangens seems well proven by the results of numerous 
crosses. 

The contention, however, that the transition of “undisturbed 
germinal material into a state of disturbance,’”’ or of one or more 
pangens from the stabile into the labile condition, may be induced 
by external influences in pure species, has not as yet found general 
acceptance. Some authors believe that crosses between different 
types are required to secure this effect. At this moment, it seems 
difficult to give experimental evidence for or against this view. 
Until this is reached, we must rely upon comparative studies in 
order to answer the main question whether or not the observed 
mutations in the evening primroses are analogous to those by 
which the mutation theory explains the evolution of the animal 
and vegetable kingdoms. 

5. The mutants of O. Lamarckiana all agree with that species 
in certain characters, and not one of them shows any indication 
of a reversion toward any of the allied wild types. If the muta- 
bility was an effect of crossing, some marks, at least, of the other 
parent would be expected to reappear. 

Besides this consideration, the available evidence lies in the 
fact that the derivatives of O. Lamarckiana, originated in my 
garden, differ from one another in marks, which are, although not 
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identical, strictly analogous to those which differentiate the wild 
species of the whole group. In some cases the differences are even 
larger. Those between the wild species are often very small and 
limited to certain life periods, leaving the species quite alike during 
the remainder of their development. No arguments have as yet 
been adduced to doubt the fundamental identity of the two groups 
of characters. 

6. The phenomenon of mutability, observed in O. Lamarckiana, 
O. biennis, and allied forms, is therefore to be considered as a simple 
continuance of the supposed mutability which presided at the 
origin of the wild species of the evening primroses. 

7. The seeds of the evening primroses are often very slow in 
germinating, leaving sometimes one half or more of the healthy 
germs in a dormant condition. This difficulty in the study of 
mutation percentages, etc., may be overcome by pressing the 
water into them. A pressure of 6-8 atmospheres during 1-3 days 
is ordinarily sufficient to stimulate all or almost all the good germs 
to a rapid germination. 

The microscopic preparations and the counts of chromosomes, 
referred to in this article, have been made for me by my assistant 
Mr. C. VAN OvEREEM, to whom I wish to give my sincere thanks 
for his cooperation. 
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Among the previously described mutants of Oenothera Lamarck- 
iana Ser. there is a form which, although fertile with its own pollen, 
yields a dimorphic progeny. Some of the individuals exactly 
repeat the stature and characters of their’parent, but others return 
to the type of O. Lamarckiana. Besides these, new mutants, 
especially O. oblonga, are relatively numerous. The two main 
types are produced in varying proportions, according to the indi- 
vidual cultures. The typical specimens may be as few as 10 per 
cent, or aS numerous as 80 per cent. In most instances, however, 
they show a proportion of about 35-40 per cent. Considering the 
much smaller individual strength of the typical ones, as compared 
with the atavistic specimens, these figures may be regarded as 
indicating a splitting, ordinarily, into nearly equal parts. 

This inconstant mutant is O. scintillans* Exactly the same 
phenomenon of splitting has been observed recently in a number 
of new types. In the first place, in O. stenomeres mut. lasiopetala, 
described by BARTLETT.’ In the second place, it has occurred in 
my own cultures, among the new mutants of O. Lamarckiana, as 
well as among those of another American species, described under 

tThe mutation theory. Chicago. 1909. Vol. I, p. 377; and Gruppenweise 
Artbildung, p. 257. 1913. 


2 Barttett, H. H., Mutations of O. stenomeres. Amer. Jour. Bot. 2:100-109; 
see also 23146. 1915. 
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the preliminary name of O. biennis Chicago.3 I shall deal with this 
one under the name O. saligna, and designate the new inconstant 
mutants of O. Lamarckiana as O. cana, O. pallescens, O. Lactuca, 
and O. liquida. As far as investigated, they all follow the rule 
that in every generation they split up into two ordinarily almost 
equal groups of typical specimens and of atavistic individuals 
which, in all cases, exactly duplicate the characters of O. Lamarck- 
zana.4_ Moreover, they show a relatively high degree of mutability. 

With one of them, O. cana, I have made a number of crosses with 
allied forms, in order to ascertain that it behaves in the same manner 
as O. scintillans, and that the same conception of heterogamy must 
be applied here also. In this mutant the pollen carries only the 
hereditary qualities of O. Lamarckiana, and the specific marks of 
the mutant are handed down to their progeny through the ovules 
only. This conception of heterogamy may be considered to hold 
good for the other inconstant types also. 

The same behavior is found in O. lata, but since this form never 
produces any fertile pollen in my cultures and has to be fertilized 
by O. Lamarckiana in order to produce seeds, the evidence which 
‘t affords is less stringent than that given by the self-fertile dimor- 
phic races. 

Ocnothera Lamarckiana mut. cana.—Among a number of 
dubious mutants from O. lata which were cultivated as biennials 
in 1906-1907, a plant was noticed in the third generation of that 
family with narrower leaves of a gray color, evidently constituting 
anew type. It was very vigorous, reached a height of about 2 m., 
and was self-fertilized. It will be designated as O. cana from 
lata no. 1, since the first family of O. cana was derived from it. 

Next year the same mutant type was recognized among the 
young rosettes, issuing from different samples of seeds of O. lata 
(fig. 1). All in all there were 5 specimens of O. cana. In order to 
determine the frequency of this mutant I have made two cultures 

3 Gruppenweise Artbildung, p. 52. fig. 18 and fl. 6. 1913. 


4In the wild condition such a splitting would evidently cause a race to die out 
after a few generations, especially since the atavists are very fertile and much stronger 
than the mutant form. As a matter of fact, inconstant wild species of this type 
are not known. See The mutation theory, Vol. I, p. 380. 


5 Gruppenweise Artbildung, p. 273. 1913. 
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on a sufficiently large scale, using the seeds produced by my pure 
strain of O. lata fertilized by O. Lamarckiana. The seeds of 1909 
gave 564 seedlings, with 18 per cent /ata and 2 percent cana. Those 
of 1908 gave 1550 seedlings, 8 per cent of which were Jata and 9 per 


Fic. 1.—Oenothera Lamarckiana mut. cana: a young plant showing the narrow 
leaves by which it is easily distinguished from rosettes of the Lamarckiana type in 
the same sowings; June 11, 1915. 


cent were cana. Other mutants appeared in these cultures in 
different proportions, as usual. 

Among the seeds of pure O. Lamarckiana, O. cana is much the 
rarer. In 1913 I fertilized, on 5 strong biennial specimens, almost 
all the flowers during two months and got sufficient seed to have 
20,000 seedlings in 1914. Of these only 6 were cana, giving a per- 
centage of 0.03 per cent. In the same boxes 7 rubrinervis and 5 
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scintillans appeared as mutants, showing that the mutation coeff- 
cients for these three forms do not essentially differ from one 
another. ; 

Stray mutations into cana have appeared in later years in 
different cultures, as, for instance, in 1913 in those of O. laevifolia 
and O. scintillans. Three mutations from O. pallescens will have 
to be recorded in the pedigrees relating to this form. It seems 
probable that cana mutants also have appeared in previous years, 
but have not been distinguished from other narrow-leaved types, 
of which there have always been quite a number in the larger cul- 
tures. Many other mutations also have escaped observation 
during a series of years until a single specimen developed into 
a strikingly new type. 

I have cultivated O. cana mostly as annuals, but in some 
instances as biennials. In both cases the stature is the same as that 
of O. Lamarckiana, but in the annuals the stems are slender and the 
foliage rather loose, whereas the biennials have thick and strong 
stems with dense foliage. The leaves are narrow, with a shorter 
blade and a longer petiole, and of a very striking gray color. The 
flower buds are long and thin, contrasting sharply with those of 
O. Lamarckiana and even more so with those of O. pallescens and 
O. Lactuca. The spike is less dense than in the parent species and 
the fruits are more cylindrical and narrower, containing fewer seeds 
(fig. 2). In the flowering condition, as well as in the stage of young 
rosettes, the plants are now easily recognized, but at other periods 
of their development it is often difficult to identify and count 
them, some specimens showing their marks very clearly, but others 
resembling more or less their Lamarckiana-like sisters. 

The easiest marks are afforded by the flower buds. Measured 
the day before opening and with the tube and ovary, their size 
varies, as a rule, from 75-80 mm., against 80-95 mm. in O. Lamarck- 
zana cultivated under the same conditions; means 77.5 against 
gomm. The breadth, measured at the base of the conical part 
above the tube, is only 7 mm. The 4 tips at the top of the bud 
are more or less bent on one side, and this curious mark is so striking 
that it is often the first which draws the attention to a stray 
mutant of the cana type (fig. 2). The 4 lobes of the stigma are 
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Fic. 2.—Oenothera Lamarckiana mut. cana: flowering spikes of the two types 
into which each generation splits; on the left the Lamarckiana type, on the right the 
parental type, showing the thin buds and the bent tips of the calyx; the difference 
in height of the 2 spikes is the same as the mean difference in height of the 2 groups 
on the bed; third generation of mut. cana no. 3, photographed July 22, 1914. 
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more slender than in O. Lamarckiana; the anthers are thin, provided 
with a good supply of pollen on stout specimens, but often deficient 
in this production on the weaker ones, especially in annual cultures. 

O. Lamarckiana mut. cana.—Among the cana mutants from 
O. Lamarckiana only one specimen has been self-fertilized. It 
arose in 1913 in the fourth guarded generation from a plant intro- 
duced into my garden in 1905 from the original field near Hilver- 
sum. It was only recognized at the end of July, when it opened its 
first flowers. It yielded few seeds, which gave rise to 19 seedlings 
only, all of which flowered in 1914. Of these, 13 exactly duplicated 
the type of O. Lamarckiana, 5 were cana, and one was a mutant 
nanella. These figures point to a percentage of 26 per cent cana. 

O. cana from lata no. 1.—From the first mutant of 1906- 
1907, previously described, I have derived a pedigree family in 
order to try its constancy and got the following result: 


1906-1907... .Mutant Mutant 

TOI 2 eewetes Second generation 16 per ee ees ores 
TOL3 a nesae aes Third generation 24-34 per cent cana Lamarckiana Lamarckiana 

The size of these cultures is given in table I. 
TABLE I 
OFFSPRING PrrR- 
YEAR GENERATION PARENT CENTAGE MUTANTS 
Total Flowering | °F CANA 

TOL es254 ones Second | mutant 31 30 TO” egsheaers 
TOTS: Aas Fas Third cana 49 48 24 t nanella 
TOIZ.. eae ans Third cana IIs 65 34 4 nanella 
TORS seas Sic Third Lamarckiana 60 25 D> | Naacenaiesd 


The offspring of two cana individuals of the second generation 
have been studied separately, as well as those of one specimen of 
the Lamarckiana type. The plants have been under observation 
through their whole lifetime, so far as space allowed, the numbers 
of the flowering individuals being given in the column next to that 
of the totals. The cana were all of the same type; the Lamarckiana 
exactly repeated the marks of the original species. Three of the 
dwarfs have flowered. They all had the marks of ordinary O. La- 
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marckiana mut. nanella and none of those of O. cana. This has 
been the case in some of the other pedigree cultures of this type, 
but it should be remarked that in other cases the char .cters of 
O. cana may combine with the dwarf stature. Such dwarfs have 
the narrow gray foliage and are easily distinguished from typical 
O. nanella specimens. 

The self-fertilized seeds of the cana individuals split in both 
generations into cana and Lamarckiana, just as O. scintillans splits 
into scintillans and Lamarckiana. The proportions 16-24-34 
per cent with a mean of 25 per cent seem to indicate a splitting 
into nearly equal parts, with a loss on the side of the weaker form. 
The same deviation from equality will be seen in almost all the fig- 
ures of this article, and the same explanation must be considered 
as applying to allofthem. It is almost always the new type which 
is in the minority. 

The seeds of the Lamarckiana-like individuals do not give rise 
to a splitting of this kind, keeping true to their parent-form. The 
same fact recurs in all the pedigrees to be mentioned later on, and 
for all the new dimorphic types. It may be taken to be the rule, 
therefore, although the trials have been only one or two in each 
instance. It agrees fully with the behavior of the analogous split- 
ting products of O. scintillans. 

O. cana from lata nos. 2 and 3.—In a culture of about 600 
seedlings of O. Jata, 4 mutants of the cana type arose in 1908. 
The /ata strains had been derived from some annual mutants which 
had been produced by my O. Lamarckiana in 1905, and described 
in my Gruppenweise Artbildung (p. 247). From these mutants 
a second generation was cultivated in 1907, and fertilized by the 
pollen of Lamarckiana-like individuals of the same culture. Their 
seeds yielded the two cana mutants to be described here, and two 
others, from the seed of which only'one'generation has been studied. 

The pedigree of mutant no. 2 is given below: 


1908..... Mutant Mutant 
TOI cs Second generation 35 per cent cana Lamarckiana 
I9QI3..... Third generation 15 percent cana ~~Lamarckiana § Lamarckiana 


6 Excepting the case of biennials; see later statement. 
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That of mutant no. 3 was as follows: 


1908..... Mutant Mutant 
TOTS astorsuens Second generation 60 Pgs tam 
IQI4....... Third generation 46 per cent cana ~~Lamarckiana Lamarckiana 


It is easily seen that they agree almost exactly with the pedigree 
of mutant no. 1, and simply give further proofs of the conclusions 
drawn from this. The size of the two cultures is given in table II. 


’ TABLE II 
OFFSPRING PERCENT- 
YEAR GENERATION PARENT AGE OF Morants 
Total Flowering cane 
A : 
Ig08..... MULANE NOs 2). acess Hesgye| Mersey doe eale emainnalla wees ee eee ee 
IgI2..... Second mutant 17 16 35 2 nanella 
IQI3..... Third cana 55 45 15 2 nanella 
. 2 new 
TOLZe csies the, Lamarckiana 60 25 O- ly naancces ¥e 
1908..... TO CAME OG 3 Is. 5 ve dsshs se Maiieacallleaiaed ail dei flpsecs kvedinell ti areata G-)ehoncotbe Fe 
IQI3..... Second mutant 30 30 60 x lata, 3 
nanella 
I9QI4..... Third cana 57 56 46 3 nanella 
IQI4..... Third Lamarckiana 60 25 O | ssaestsaaes 


In each case the self-fertilized seeds of only one cana were 
studied, besides those of the mutants, and also those of only one 
atavist of the Lamarckiana type. The progeny of the latter 
proved to be uniform and like the parent, about one-half of the 
plants being studied in the flowering condition and the remainder 
in the stage of large rosettes of radical leaves in July. The lata 
mutant has flowered, as have the majority of the dwarfs. Two 
mutants of a new type arose, which will have to be described in 
another paper. They resembled O. rubrinervis, but lacked the 
characteristic brittleness of the stems of this form. 

The second generation of mutant no. 3 has been the most 
vigorous one of all my annual cultures of O. cana. It was grown, 
moreover, under exceptionally favorable conditions. For this 
reason it has been chosen for making a series of crosses, which will 
be dealt with at the end of this article. The fact that, in this case, 
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the percentage figures come so much nearer to equality of the two 
types than in the other cases is probably owing to this striking vigor 
of the race. The means are 25 per cent cana for no. 1 and no. 2, but 
53 per cent cana for no.3. The proportion of mutants among the 
seedlings of the cana individuals is 18 in 350, or about 5 per cent. 

O. cana from lata nos. 4 and 5.—As previously mentioned, the 
progeny of two further mutants of the same origin have been 
studied. The offspring of one of them embraced only 15 indi- 
viduals, of which 13 have flowered. There were 3 cana, 2 mutants 
(one oblonga and one of the same new type as in no. 2), the 10 
remaining plants being externally like O. Lamarckiana. The 
second original mutant yielded only 11 offspring, among which 
7 were cana, one Lamarckiana, and 3 oblonga. Although these cul- 
tures do not justify the calculation of percentage figures, they 
evidently support the conclusions drawn from the three former 
ones, and argue for the conception that this form of splitting is 
typical for O. cana. 

INFLUENCE OF CULTURE ON PERCENTAGE FIGURES.—I have 
shown’ that the percentage figures for the splitting of O. scintillans 
in the succeeding generations may differ for different. families. 
Sometimes it is only 15 per cent, more often it varies between 34 
and 39 per cent, and in rare cases it reaches 69-93 per cent. Sub- 
sequent experiences have suggested the idea that these differences 
are due mainly to outward conditions or to the method of cultivation, 
and that favorable influences must increase the percentage of indi- 
viduals with the type of scintillans and diminish the percentage of 
Lamarckiana-like specimens. 

The self-fertilized seeds of the cana individuals previously 
mentioned have given the following percentages of specimens 
with the cana type: 15 and 16 per cent, 24-34 and 35 per cent, and 
46 and 60 per cent, the two latter being found in a culture which 
excelled the others in vigor. Evidently these figures run parallel 
to those of scintillans and the variability must have the same cause 
in both cases. 

In order to ascertain the nature of this cause I have tried to 
answer two questions, namely: (1) are the percentage figures 


7 The mutation theory. Chicago. 1909. pp. 388-391. 
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different on different parts of the main spike of a plant and on differ- 
ent branches; and (2) are they different for annuals and biennials, 
provided that the individual strength is in both cases as great as 
possible? The following experiments will show that the first ques- 
tion is to be answered in the negative, but the second in the affirma- 
tive; or in other words, the percentage figures depend upon individual 
vigor of the plants, and this between the widest possible .im ts. 

The second generation of mutant no. 3, cultivated in 1913, was 
the most vigorous of all my annual cultures, as already mentioned. 
I chose for my experiment, therefore, the strongest individual of 
this group, having the largest supply, of pollen in its anthers, and 
fertilized its flowers on the main spike and on a lateral branch in 
small bags, each with its own pollen. At the time of harvest I 
separated the fruits in groups of 10 each; there were 4 of these 
groups on the main spike and 2 on the branch. In the spring of the 
following year (1914) I sowed the seeds of these 6 lots separately. 
I counted the seedlings in the stage shown in fig. 1 without trans- 
planting them. The cana were easily distinguished from the 
Lamarckiana by their narrower leaves and gray color. There were 
a number of dwarfs, which combined with this character those of 
cana and will be called cana-nanella. I have planted them out 
after finishing the countings and found them true dwarfs of the 
cana type. About a dozen of them flowered as annuals, and some 
flowered the following year as biennials. The result of the count- 
ings is given in table ITI. 


TABLE Til 
Number of Percentage of | Percentage of Percentage 
seedlings cana cana-nanella together 
A, main spike 
Base... swisnautsasnsan 59 40 5 45 
second group......... 114 30 4 34 
third group........... 121 31 4 35 
OPE ero atnenaie-eat 129 35 5 40 
B, lateral branch 
baseh janawwimsnidunds ns 95 39 4 43 
LOD io 4 bas Sewanee bs 94 31 IL 42 


The means for the whole plant are 34, 6, and 4o percent. It is 
easily seen that the deviations from the means fall within the 
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limits of ordinary chance, although all the seeds from the 10 cap- 
sules of each group have been sown. Thus it is clear that the 
first and the last fruits of a spike and those of a side branch may 
give the same percentage figures of specimens of the parental 
type. Moreover, the mean value is not essentially different from 
the means of the pedigrees, as just given, which was 33 per cent. 
We may conclude, therefore, that the mean percentage for all my 
annual cultures is about 30-40. 

In order to compare the influence of biennial culture upon this 
figure, I chose three healthy and very vigorous rosettes of 1913 and 
kept them through the winter under glass. They had been reared 
from seeds of a biennial mutant belonging to the group of cana 
mutants from Jata, from which pedigrees no. 2 and no. 3 were 
derived; but this special culture stayed in the rosette condition 
during 1913. In 1914 three plants of the cana type became very 
vigorous, reaching about double the height of the annual plants 
and growing up to more than 2.5 m.’ Their stems also had twice 
the thickness of the others, the foliage and flower spikes were very 
dense, and the flowers much stouter. Every evening 4 or 5 flowers 
opened on the same spike, against 1 or 2 in ordinary cases. The 
number of fruits on a spike was 60-80, whereas 40 fruits, as just 
given, is a high value for an annual plant. All of these fruits were 
self-pollinated in little bags, and yielded 1-1.3 cc. of seeds from 
to fruits, whereas the annuals give only o.5-0.9 cc. of seeds in 
to fruits. We may summarize these details by saying that my 
biennial specimens of 1914 were about twice as vigorous as the 
very best of all my annual cultures. 


TABLE IV 
Plant | Fruits Seeds incc. | Seedlings Bereentage of 
NOs Pevs yess 63 6.6 590 96 
NOs 2s eux 79 10.0 1099 93 
NOs 3ancoads 64 6.3 277 97 


All the seeds were sown in boxes in 1915 and the seedlings 
counted out, without being transplanted, in the stage correspond- 
ing to fig. 1, when the differentiating marks were very sharp. The 
three plants gave the results shown in table IV. 
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The remaining 4-7 and 3 per cent were mostly of the Lamarck- 
iana type, with some mutants belonging to albida, oblonga, and 
nanella. J had saved the fruits and their seeds in 7 or 8 groups. 
beginning at the base of the spike, and sown the seeds separately, 
But, just as in the previous case, there were no appreciable differ- 
ences in the percentage figures between the higher and the lower 
groups. 

The main result is that the percentage of specimens of the 
cana type, which runs 15-60 per cent on annual individuals, 
may increase to 93-97 per cent on very vigorous biennial plants. 
It is thus clearly seen to be dependent upon the method of culti- 
vation. Obviously this rule may be applied to the percentages of 
O. scintillans, as previously discussed, and to those of O. pallescens 
and the other new dimorphic mutants to be described in this article. 

Oenothera Lamarckiana mut. pallescens (fig. 3).—Among all 
the mutants which arose in my garden from O. Lamarckiana, this 
form most closely resembles the parent type. In early stages the 
rosettes are the same, and in springtime, when still in the boxes, 
I have not as yet succeeded in distinguishing them. It is not 
until about 6 weeks after planting out on the beds that the differ- 
entiating marks begin to show (fig. 4). In the middle of June the 
leaves are clearly shorter, and the blade is set off from the narrowly- 
winged petiole by a sharp indentation. This character causes the 
rosettes to be more open because the petioles hardly touch one 
another. 

This spatulate form of the leaves remains, for a long time, the 
best mark of the race; but when the stem grows up, the whole 
plant is much more slender than the parent form (fig. 3). The 
stem is thin and low; in July, when the first flowers open, it often 
reaches only 75 cm., when the corresponding specimens of Lamarck- 
zana are already 1 m. and more in height. After a time, however, 
this difference disappears, since the spike is more elongated. It 
is less dense than in Lamarckiana; the bracts are much shorter and 
strikingly broader; the flower buds are large and conical, the 
flowers somewhat smaller, although still larger than those of 
O. biennis; the pollen is abundant and the fruits are short and thick, 
containing a good supply of seed. The foliage is of the same green 
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Fic. 3.—Oenothera Lamarckiana mut. pallescens: the 2 types into which each 
generation splits; to the left the Lamarckiana type; to the right the parental type; 
August 1914. 
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color as in the parent form, but much more crinkled and uneven, 
not as gray as in O. cana, nor as hairy as in this form. 

The impossibility of distinguishing the young plants before 
planting out evidently makes this mutant less fit for the determi- 
nation of splitting percent- 
ages, because the sorting 
and counting has to be 
done on the beds. In my 
experiments I have always 
counted the individuals of 
the two types at the begin- 
ning of the flowering 
period, since at this time 
the limits between the two 
groups are the most sharp. 

Moreover, this simi- 
larity between the mutant 
and the parent species 
must diminish the chances 
of discovering mutant 
specimens of the new type. 
This is probably the reason 
why it was not observed 
before ig11. Since that 
year new mutants of the 
pallescens type have more 
than once arisen from O. 


Fic. 4.—Oenothera Lamarckiana mut. pal- 


escens: 3 typical leaves of the rosette of radical d 
leaves; June 16, 1914. Lamarckiana and from 


some of its derivatives, 
especially in 1914. All of these mutants exactly resembled the 
first one in their whole structure and in all their marks. 

I have made pedigree cultures of the offspring of my first three 
mutants. These arose from seed of the same parent plant of 
1909, which belonged to the second generation of a guarded strain 
of O. Lamarckiana, derived from a rosette collected in 1905 in the 
original field near Hilversum. One part of this seed was sown in 
rg1o and yielded, among about 500 specimens, 1 pallescens, together 
with 1 rubrinervis, 3 oblonga, 2 lata, 1 scintillans, 1 nanella, the 
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specimen of O. Lamarckiana mut. semigigas described by Stomps,® 
and a narrow leaved specimen, exactly resembling the type described 
and figured by GacER?® for a derivative of O. biennis. The speci- 
men of pallescens was discovered by chance, since almost none but 
mutants and a number of doubtful specimens had been planted 
out; it occurred among the latter and was distinguished as a new 
type only at the time of flowering. Thereupon, another part of 
the same sample of seeds was sown in 1911 and yielded two more 
specimens of pallescens, among about 250 flowering individuals. 

The self-fertilized seeds of these three mutants gave rise to a 
mixed progeny, the smaller half of which resembled the parent, 
whereas the remainder presented the type of O. Lamarckiana, 
duplicating this in all of its special marks and during all the stages 
of their development. In the following description I will, there- 
fore, indicate them simply as Lamarckiana, without discussing the 
question whether some internal characters might perhaps be differ- 
ent. But externally there is no difference; moreover, the progeny 
of this derivative Lamarckiana behaves exactly like that of normal 
ones. This splitting into these two types has repeated itself in 

. the following generations and in all of the cases investigated. 

Moreover, the pallescens seems to be mutable to a higher degree 
than O. Lamarckiana itself; for, although my cultures have been 
necessarily small, the number of mutants is very striking, reaching 
20 among about 500 specimens, or 4 percent. From the first three 
mutants I have derived three pedigree families, which I will now 
briefly describe. 


PEDIGREE OF MUT. pallescens NO. I 


LOIO we sccaves Mutant Mutant 

eS 
Igtt, 1913 ....Second generation 42 per cent pallescens Lamarckiana 1 mutant rubrinervis 
TOTS casein Third generation 23-43 per cent pallescens Lamarckiana Lamarckiana si 
LOTS o:cataneinels Fourth ‘generation 24 per cent pallescens Lamarckiana Lamarckiana 
LQTS. hsiseitiacorats Fifth generation 38 per cent pallescens Lamarckiana 


8 Sromps, THEO. J., Die Entstehung von Oenothera gigas DeVries. Ber. Deutsch. 
Bot. Gesells. 307406. 1912. 

9GacER, StuarT C., Cryptomeric inheritance in Onagra. Contrib. Brooklyn 
Bot. Garden no. 3, Bull. Torr. Bot. Club 38: 461-471. figs. 2. 1911. 
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The size of these cultures is given in table V. 


[OCTOBER 


TABLE V 
Year | Generation} Parent tetng | E A eieee| — Miutante 
IQIL..... Second | mutant 129 O hewaru seas 1 rubrinervis 
I9I3.....- Second | mutant 4o 40 42 1 liquida 
TOTS ie aie Third pallescens 69 69 23) | Wtayirnamaacnone-s 
MP Oban " pallescens 65 65 43 I nanella, I 
cana 
een eae et Lamarckiana 90 50 ° 1 scintillans, 
r lata, 1 al- 
bida 
Pe ated ce ee Lamarckiana 56 50 O° levveewenannaee 
ane me rubrinervis 70 25 O ‘|esvecene muse inc 
I9I4..... Fourth | pallescens 55 53 24 r nanella 
© isis “f Lamarckiana 58 25 Oe Wises enc cuapeecesun 
tO pauses of Lamarckiana 80 25 ° 
IOUS a exins Fifth pallescens 60 25 38 


The offspring of the 4 specimens of Lamarckiana had this 
uniform type, in the flowering specimens as well as in the other 
ones. These were examined in June and July when in large rosettes 


of radical leaves. 


The offspring of the mutant rubrinervis was also 


uniform and exactly resembled the race of this name in all its 
marks, and especially in the brittleness of its stems. 
of the original mutant, cultivated in 1911, embraced 129 plants, 
only 6 of which have flowered, the others having been destroyed 
before the significance of the culture had been realized. Among 
these 6, 2 were Lamarckiana, 3 pallescens, and 1 mut. rubrinervis. 
Their offspring were studied in 1913, as given in table V. Among 
the mutants the rubrinervis, liquida, scintillans, lata, and cana, as 
well as one nanella, flowered and proved their identity with the 
races of these names at that period. 


Ig1r..Mutant 


1913. .Second generation 


1914. .Third generation 


PEDIGREE OF MUT. pallescens NO. 2 


Mutant 


28 per cent pallescens 


Lamarckiana 


The offspring 


42 per cent pallescens Lamarckiana Lamarckiana 


I mut. rubrinervis 
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PEDIGREE OF MUT. pallescens NO. 3 


tgir..Mutant Mutant 
I913...Second:generation 36 per cent pallescens Lamarckiana 1 mut. cana 


es 


1914..Third generation 39 percent pallescens Lamarckiana Lamarckiana 


The size of these cultures is given in table VI. 


TABLE VI 
Year Generation Parent tae é cee ee Mutants 
A 
IQII..... MULANE NOME) os wget isn y 43 g'esilea eesas os foaiawartedlel ae ska e career ee 
IQI3..... Second mutant 25 25 28 1 rubrinervis 
IQI4..... Third pallescens 57 57 42 5 nanella 
I9I4..... Third Lamarck- 60 25 O. lgsashasgessane 
iana 
B 
IQII..... MULADE NOs 2) Srcsaciensl a oss soso eee eee Sesser Says SSG y see wee AH 
IQ13..... Second mutant 25 25 36 I cana 
IQI4..... Third pallescens 25 25 39 1 lata, 3 na- 
nella, 1 cana 
IQI4..... Third Lamarck- 65 25 On Hi condita nec 
jana 


Among the mutants the rubrinervis, both cana, one lata, and 
some nanella have flowered. The individuals of pallescens and 
Lamarckiana, which did not flower, were examined in June 
and July as large rosettes. Most of the flowering specimens were 
observed during the months of August and September. 

The percentage figures of these tables vary from 23 to 43, the 
means for the 3 families being 33, 35, and 37 per cent, and the total 
mean being 35 per cent. On account of the evident weakness of 
the individuals of the pallescens type, as compared with their 
Lamarckiana-like sisters, these figures may be assumed to show 
that the splitting into two main types took place in about equal 
parts. The splitting is constantly repeated from the pallescens 
specimens, but the progeny of the Lamarckiana type retain this 
type uniformly. 

I have made only one cross in these families, and that in order 
to ascertain the properties of the pollen of the pallescens indi- 
viduals. I placed this pollen on the stigma of some flowers of 
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Lamarckiana in 1913, and got from the seeds a uniform generation 
of 60 flowering individuals, all of which proved to be Lamarckiana. 
I conclude from this fact that the pollen of the pallescens 
plants does not transmit the characters of the race, exactly 
as in O. scintillans and O. cana. 

O. Lamarckiana lata mut. Lactuca (fig. 5, C).—In the summer 
of 1913 I found, in a race of O. Jata which had been fertilized in the 
previous generations (1905 
and 1907) by O. Lamarck- 
iana, a weak plant which 
seemed to be new to me, 
but showed evident signs 
of affinity with the incon- 
stant types of O. cana and 
O. pallescens as previously 
described. It was fertil- 
ized, therefore, purely by 
its own pollen. It yielded 
0.8 cc. of seeds, which 
were sown in 1914 and 
gave rise to 65 plants, one 
of which was a mutant of 
the ordinary type of O. 

.) nanella, and subjected to 

Fic. 5.—Typical radical leaves of A, Oeno- the-sane bacterial checese 
thera Lamarckiana mut. liqguida; B, mut. cana; 

C, mut. Lactuca; June r914. which so often deforms the 

dwarfs of my race. Among 
the others, two types were represented in about equal numbers. One 
type was exactly like normal Lamarckiana; it counted 36 individuals, 
almost all of which have flowered, without showing any recognizable 
difference from the original wild species. The remaining 28 con- 
stituted a new and uniform type, repeating the characters of the 
parent plant of 1913, so far as these had been noticed and recorded. 
At the time of planting out, in the beginning of May, they very much 
resembled the compact rosettes of O. nanella, but without any signs 
of the disease. About the middle of June, when the rosettes of 
the type of Lamarckiana were growing very fast, those of.the new 
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type remained small, their leaves reaching only about half the 
length and half the breadth of those of their sisters (7X3 cm. 
against 14X5 cm.). Their blades were sharply set off from the 
winged petioles (fig. 5, C), and thereby they much resembled those 
of O. pallescens (fig. 4). This resemblance continued during the 
development of the stem and the flower spikes; but even as the 
rosettes were smaller and more densely leaved, the stems were 
lower and weaker and less branched. The leaves were narrower 
and folded along the middle vein, instead of being broad and flat- 
tened, as in O. pallescens. The flower buds were as thick and as 
large as those of this species, and the flowers also reached the same 
size, the petals having a length of 4 cm. During the flowering 
period the differences from O. pallescens grew gradually less, and 
at the end, in September, the new type seemed to be only a weak 
form of this latter, reaching a less height and being almost un- 
branched. Artificial self-fertilization has been difficult, since in 
many flowers the pollen was in an imperfect condition. Four 
specimens yielded a sufficient harvest (o.5-1cc.). The sister 
plants of the Lamarckiana type showed an abundance of seed, 
exactly as the Lamarckiana of pure origin does. 

The next year (1915) I sowed the seeds of one specimen of the 
parental type and of two of the type of Lamarckiana. The first 
gave only 44 seedlings, of which 4 were Lactuca, one nanel.a, and 
the others Lamarckiana. The two other sowings gave 248 and 283 
offspring of their own type, without any Lactuca specimens, but 
with some dwarfs. The number of them was 11, or 4 per cent in the 
first group, but only one in the latter group. Combining these 
results we get the following pedigree: 


LOL deee tons Mutant Mutant 
LOLA: ravavecnias First generation 43 per cent Lactuca Lamarckiana 
TOUS sede vised Second generation 9 per cent Lactuca Lamarckiana . Lamarckiana 


Although only two generations from the seeds of the original 
mutant have been cultivated, it is evident that this new form 
behaves exactly like the inconstant races of O. scintillans, O. cana, 
and O. pallescens. Under favorable conditions it splits into about 
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equal numbers of the mutant type and of the type of O. Lamarck- 
zana. Moreover, a mutant dwarf has been produced. 

O. Lamarckiana mut. liquida (fig. 5, A).—In 1912 and 1913 
a new type of mutant was discovered, which came next to O. scin- 
tillans, had flat and smooth leaves like that form; but the foliage 
was much broader and lighter green. The individual mutants 
resembled one another in all respects, save the size of the flowers; 
they were very slender and had leaves about two-thirds the size 
of those of O. Lamarckiana. The pollen was sometimes abundant, 
but in other flowers rather scanty. 

All in all, I had 6 mutants of this type. One came from seed 
of O. Lamarckiana, but unfortunately it failed to produce good 
seeds, although the fruits were well developed. Four others arose 
from O. lataX Lamarckiana, two in 1912, which also did not yield 
fertile seeds, and two in 1913. The last one was found in the 
culture of O. pallescens mut. no. 1, and mentioned previously. The 
seeds of the 3 fertile mutants were sown in 1914 and yielded small 
cultures, which split up into two types, one repeating the mutant 
parents in all respects, and the other differing in no visible way 
from ordinary O. Lamarckiana. Besides these there were some 
mutants which happened to belong to allied types. Table VII 
gives the size and constitution of these cultures. 


TABLE VII 
SECOND GENERATION OF O. liquida 
Mutant 1913 from Lamarckiana| _liquida Mutant Total Beane 
pallescens............. II Gi erga a 17 35 
Nata ‘ssigh ide wecoetelogi 61 26 I 88 30 
lata osiue sevoeskanees as 13 8 2 23 35 
Totaled ecakctve 85 4o 3 128 31 


In each of these cultures 15 individuals have been allowed to 
flower, about one-half of these being the liquida type and the other 
half the Lamarckiana type. The 3 mutants were scintillans, 
pallescens, and cana. All 3 have grown vigorously and flowered 
in August and September; they differed in no respect from the 
races of the same names. 
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The percentage of typical individuals in the second generation 
is about the same as for O. cana (25 and 53 per cent), for O. pal- 
lescens (35 per cent), and for O. Lactuca (43 per cent). From this 
it may be concluded that the 4 races have the same hereditary 
constitution which, moreover, is the same as in O. scintillans. 

The next year (1915) I cultivated a third generation of the 
second mutant of the table (mutant no. 1 from /Jata). The har- 
vest had been small, as in the previous generation, and only 33 
seeds germinated. Of these 9 were liquida, 1 was pallescens, 1 
oblonga, and the others Lamarckiana. All of them have flowered. 
The percentage for liguida was 27, or about the same as in the first 
generation. Moreover, I have sown for each of the 3 cultures of 
1914 the seeds of one or two typical individuals, and also for each 
of them the seeds of two of the atavistic or Lamarckiana type. 
These 6 last sowings contained 150-300 seedlings each, together 
1311, of which 8 were mutants (3 oblonga, 4 lata, 1 cana); the 
remainder were all of the Lamarckiana type, no liquida occurring 
among them. The seedlings of the 4 liquida specimens gave the 
results indicated in table VIII. 


TABLE VIII 
THIRD GENERATION OF O. MUT. liquida 

Race issued from Total of seedlings eae of 
pallescens........... 84 25 
pallescens........... 47 28 
lata NO. T vs. caesis ss 80 41 
lata no. 2........... 26 35 

Totals vaseneny sa 237 32 


The countings were made in June and July in the boxes in 
which the seeds had been sown; the plants were all young rosettes 
with leaves 15 cm. long in the Lamarckiana type, and 6-10 cm. 
long in the liquida specimens. The differences were clear and sharp. 
The table shows that the splitting was almost exactly the same in 
the third as in the second generation. 

Dimorphic races do not seem to be rare among the mutants 
of O. Lamarckiana, and have been observed to spring also from its 
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hybrids with other species; but the characters are not always as 
sharp as in the instances described, or the production of seeds is 
too insufficient for further cultures. Only one case may still be 
mentioned here. It was a mutant from O. lata, discovered in 1914, 
the self-fertilized seeds of which gave a dimorphic second gen- 
eration, consisting of 19 plants of the parental type, 47 of the 
Lamarckiana type, besides 2 mut. oblonga and 2 mut. lata. Almost 
all of these flowered in 1915. Those of the parental type were 
strikingly like one another, constituting a wholly new form, with 
very long, narrow, dark green leaves, the stems low and scarcely 
branching, the spikes rich with bright flowers like those of Lamarck- 
jana, and with a good supply of pollen. The fruits, however, were 
cylindrical and very thin, containing only a few good seeds. The 
plants excelled in beauty the species and most of its other mutants, 
but on account of its slight fertility I do not propose to continue 
the culture. It may be called O. superflua. 

-O. biennis Chicago mut. saligna.—In the second generation of 
my race of O. biennis Chicago” I found in 1913, among 870 normal 
individuals, two specimens of a weaker, narrow-leaved type, which 
differed sufficiently from the former mutants of this species, 
namely, from O. biennis Chicago mut. salicifolia and mut. sali- 
castrum,™ to be considered a new form. One of these new mutants 
died before flowering, the other yielded, after self-fertilization, 
a small but sufficient harvest of seeds. One-half of these seeds 
were sown, but only 17 specimens germinated and grew up into 
flowering plants. Of these 9 repeated the type of the parent, but 
8 returned to the size, vigor, and characters of O. biennis Chicago, 
the grandparent. Although the numbers are very small, they 
point to a splitting into equal parts, as in the splitting mutants 
of O. Lamarckiana just described. 

The difference was already evident in March, when the seed- 
lings were only two months old. In June the rosettes were large, 
but smaller than those of the species, the leaves smooth and narrow. 
The stems grew up to about one-half the height of their atavistic 
sisters, and began to flower in September, having a length of 60-120 

10 Gruppenweise Artbildung, pp. 34, 52, etc. 1913. 

™ Gruppenweise Artbildung, p. 304. figs. ro, III. 
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cm. ‘The spikes were densely flowered, the flowers a little smaller, 
the fruits thin and long. The production of pollen was insufficient 
in many flowers, but this may have been the effect of the ‘ndi- 
viduals being transplanted from their boxes to the bed in June, 
which is relatively late in the season. The seed developed badly 
and contained only a small percentage of normal grains. 

I have sown the seeds of 8 of the 9 specimens with the parental 
type, and of two of the type of O. biennis Chicago. The first split 
into two types, the second only repeated the form of the parent. 
The splitting percentages were 11, 12, 13, 15, 15, 17, 18, and 25, 
with a mean of 16 per cent, but the germination had been very 
poor, giving only 444 seedlings for the 8 boxes. The progeny of 
the two specimens of the Chicago type was uniform with 252 and 
60 seedlings. JI counted them in May and June, and left one group 
of each type to flower. The group from the saligna type contained 
two flowering saligna, identical with those of the second generation; 
that of the atavists 60 flowering plants of the uniform type of 
O. biennis Chicago. From these facts we may conclude that in 
this race all of the specimens of the parental type give a dimorphic 
progeny, while the offspring of the plants with an atavistic type 
remains uniformly so. Resuming the cultures, we get the follow- 
ing pedigree: 


LOT Zbwsavede we Mutant Mutant 
TOI 4v es wena Second generation 50 per cent saligna Chicago 
TOU ss cess Third generation 16 per cent saligna Chicago Chicago 


The behavior is exactly the same as in the dimorphic races 
issued from O. Lamarckiana. 

Crosses of Oenothera Lamarckiana mut. cana.—As indicated 
on p. 258 I chose in 1913 the second generation of a cana mutant 
which arose from O. lata (no. 3) for a series of crosses. This cul- 
ture was the most vigorous one of all my annual cana families, and 
its percentage figures seemed to be more normal than in the other 
cases. The crosses were made in both directions with the pure 
strains of my species and races described in Gruppenweise Art- 
bildwng, and the seeds were sown in 1914. This first generation 
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was counted in July, during the beginning of the flowering period, 
but about one-half of some of the cultures were kept in the boxes 
so as to reach only the stage of rosettes at that time. No second 
generations have been cultivated. I will first describe the results, 
and afterwards give the necessary details concerning the several 
cultures. 

The main purpose of these crosses was to decide the question 
whether the special characters of O. cana are handed down by the 
ovules only, as in O. scintillans and O. lata, or by the pollen also. 
Table IX gives the result of the crosses with wild species other 
than O. Lamarckiana. Here a splitting occurs into laeta and 
velutina or into densa and laxa, exactly analogous to that produced 
by O. Lamarckiana itself. The only exception is the pollen of 
O. biennis, which does not split; it gives with O. cana the same 
type as with the parent species. The result was very striking on 
the beds. No specimens of the cana type occurred in the cases 
where this mutant had been the father, whereas such individuals 
abounded in the results of the reciprocal crosses. 


TABLE IX 


Crosses OF O. cand WITH OTHER SPECIES 


= Cross Percentage of | Percentage of | Percentage of | Percentage of 
cana aeta velutina mutants 
A 
O. canaXO. biennis Chicago]s 25 II 63 I 
O. cana XO. Cockerelli .... 17 17 63 3 
O. cana XO. Hookeri....... 28 14 68 lax amaaueteee' 
O. HookeriXO. cana....... ° 4 OO = [asa ademards 
O. CockerelliXO. cana..... fo) 54 Boi | Nerskaveumnessgee tiers 
O. syrticolaXO. cana...... ° 51 ZO) "|r ndabasnineobears 
O. biennisXO. cana....... ° 58 Wo Patyarartbatel ies 
Percentage of | Percentage of 
B densa laxa 
O. biennis Chicago XO. cana ° 24 75 I 
O. atrovirensXO. cana..... i ° 36 Of, taeda 
Cc 
O. canaXO. biennis....... 49 SE Web a aaetenears 


In this table, O. syrticola Bartlett is the O. muricata L. of my 
Gruppenweise Artbildung, and O. atrovirens Bartlett has been 
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described in that book as O. cruciata Nutt. The other names are 
still the same as in my book. 


With the same purpose crosses were made with O. Lamarckiana 
and some of its derivatives. 


TABLE X 


Crosses oF O. cana witH O. Lamarckiana AND ITS MUTANTS 


Crosses cea of Porneatage of Percentage of other forms 
O. canaXO. Lamarckiana..... 42 BB oss. Whe geaeasecaore a4 ynatigescetaennsete 
O. cana XO. nanella.......... 21 71 8 nanella 
O. canaXO. rubrinervis...... 40 25 35 subrobusta 
O, Lamarckiana XO. cana .... ° 98 2 nanella 
O. lataXO. cana ........... I 62 35 lata, 3 mutants 
O. nanellaXO. cana......... I 5 94 nanella 
O. oblongaXO. cana ........ ° 82 15 oblonga, 3 mutants 
O. rubrinervis XO. cana ..... ° 52 48 subrobusta 


The main result is the same. In all the crosses of both tables 
the characters of O. cana are handed down through the ovules to a large 
part of the progeny, but not through the pollen. The behavior is 
exactly the same as in O. scintillans and O. lata. The two speci- 
mens of O. cana from the crosses of O. lata and O. nanella must 
evidently be considered as mutants, that is, as having arisen from 
the fertilization of mutated sexual cells, since we have seen that 
such mutations occur from time to time, especially among the 
seeds of O. lata. 

Apart from the appearance of plants of the cana type, the 
results of the crosses are, in every case, such as would be expected 
if O. Lamarckiana had been used instead of O. cana. In this 
‘respect they simply confirm the conclusions given in my book. 

Let us now consider in its details the analogy of O. cana with 
the allied forms of O. scintillans and O. lata. Two cases offer 
themselves for this consideration. The first one is afforded by 
the crosses with O. biennis. Apart from ‘stray mutants, these 
produce two types, one of which combines the visible marks of 
both parents, whereas the other wholly lacks the characters of the 
mother, but is simply like the hybrid of O. Lamarckiana and 
O. biennis, as described in my book. In the first group the com- 
bination is such as to make the characters of the mother the most 
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striking in the hybrids, whereas those of the father, O. biennis, 
have only a less influence on the general type. 

In table XI the figures of table IX ate combined with the per- 
centages derived from my Gruppenweise Aribildung, by taking the 
means of the two crosses for each case given on pp. 251 and 261. 


TABLE XI 


O. canaXO. biennis COMPARED WITH O. lata AND O. scintillans 


Percentage of type 
Percentage of type * 
Forms of O. Lamarckiana Mutants 
se wk migelee XO. biennis 

QO. canaXO. biennis.............. 49 SE | wate avr aca nienalalgik 
O. scintillans XO. biennis......... 60 36 4 
O. lataXO. biennis............... 57 AZ» ‘lial dneaugasa 

Mean sss acunaniducun cee s 55 AS = eae g y wigentas 


In this table we see that the characters of O. cana, even as those 
of O. scintillans and O. lata, are repeated in about one-half of the 
progeny, but not in the other half. We may consider this as the 
simplest case. In the other crosses the proportions of cana are 
17, 25, 28, with a mean of 23 per cent in table IX, and 21, 40, 42, 
mean 34 per cent in table X, and these figures may be assumed to 
point to a splitting into nearly equal parts with a loss on the side 
of the weaker form. Exactly the same behavior occurred among 
the progeny of the self-fertilized individuals of O. cana, as we have 
seen previously. 

Let us now compare O. cana with the two allied forms in those 
crosses where the progeny splits into the twin hybrids O. laeta and 
O. velutina, as shown in table XII. 

The types of O. laeta and O. velutina have been compared in 
each case with the twins derived from O. Lamarckiana by the same 
father." The comparison embraced the whole lifetime from the 
germination in February until the production of the fruits in 
September. No differences have been observed. 

From table XII we see that the splitting percentages” are 
practically the same, whether the pollen is taken from O. biennis 
Chicago, O. Cockerelli, or O. Hookeri. For this reason I have given 


 DEVrtEs, Huco, On twin hybrids. Bot. Gaz. 44:401-407. 1907. 
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the mean for each group in the last columns of the table, and the 
reliability of this mean evidently depends strongly on this fact. 


TABLE XII 
SPLITTING INTO laeia AND velutina 
RECENT: Percent- | PERCENT- MEANS FOR THE GROUPS 
Forms pas OF. AGE OF AGE OF 
LAETA VELUTINA 
MOTHER f pe laeta velutina 

O. canaXO. b. Chicago... 25 II 63 
O. cana XO. Cockerelli.... 7 17 63 > 23 14 61 
O. canaXO. Hookeri...... 28 14 58 
O. scintill.xO. b. Chicago. 33 32 32 
O. scintill.xO. Cockerelli.. 21 49 29 30 36 30 
O. scintill. xO. Hookeri. . . 35 28 29 
O. lataXO. b. Chicago.... 2i 24 55 
O. lataXO. Cockerelli.... 21 31 48 27 25 46 
O. lataXO. Hookeri.....:; 39 18 43 
O. LamarckianaXO. b. 

CHICAGGY os cu bcs Ragelneiedets 19 81 
O. Lamarckiana XO. Cock- 

Gfellt cd ctcasae aan as raise II BO" holes dae 18 82 
O. Lamarckiana XO. Hook- 

OLD, sae is arg atea eye bl seen 23 77 
O. nanellaXO. b. Chicago.}........ 41 59 
O. nanellaXO. Cockerelli..}........ 38 62> | Sava 4I 59 
O. nanellaXO. Hookeri....}........ 45 55 


Theoretically a splitting into 4 groups of equal size should be 
expected, namely into cana-laeta, cana-velutina, laeta, and velutina. 
Evidently one of the first two groups is suppressed. This con- 
clusion holds good for O. cana just as for O. scintillans, but in the 
case of O. lata the fourth group is sometimes visible, a few speci- 
mens of the Jata-like hybrids assuming at the same time the marks 
of O. laeta (about 1 per cent, Gruppenweise Artbildung, p. 255), 
whereas the remainder are clearly lata-velutina. It is probable 
that the same group is suppressed in both the other cases, and for 
the same reasons, which are as yet unknown. The fact that there 
are so often more velutina than should be expected probably has 
-the same cause as the exuberant occurrence of this form in the 
crosses of O. Lamarckiana (82 per cent). The analogous crosses 
of O. nanella, given in the lower part of the table, show that these 


uDE Vrres, Huco; On triple hybrids. Bot. Gaz. 47:1-8. 1909. 
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diminutions of the Jaefa type may, at least in part, be considered 
as influenced by neighboring. characters. The combination 
O. cana nanella has occurred in many instances during these experi- 
ments, either from the crosses of O. cana with the dwarfs of my 
race, or as occasional mutations in other cases. A repetition of my 
experiments, in which O. cana nanella would be chosen for ferti- 
lization by the other species or mutants used, would probably give 
the material to decide these questions. 

Putting aside all of these more special considerations, we may 
conclude that O. cana behaves in its crosses, as well as after self- 
fertilization, exactly after the manner of O. scintillans and O. lata. 
From this fact and from the cross LamarckianaX pallescens, pre- 
viously mentioned, it seems probable that the other new dimorphic 
mutants, namely O. pallescens, O. liquida, and O. Lactuca, will 
follow the same rule if tried in the same way. This rule is evi- 
dently independent of the external types of their characters, but 
must depend upon internal properties of their hereditary qualities.™ 

I will now give briefly the necessary details concerning the 
crosses mentioned in tables IX and X. As already mentioned, 
all these crosses were made in 1913 with plants of the same origin. 
For every cross a single specimen was chosen and some flowers on 
the lower part of its main spike were castrated. The seeds were 
sown in February 1914, the seedlings transplanted into boxes, and 
from these, as a rule, about 25 specimens of each culture were 
placed in a bed in April and May, giving them a good soil and 
light exposure and plenty of space to insure a vigorous develop- 
ment until the time of flowering and of fruiting. 

O. canaXO. biennis Chicago——A group of 71 specimens, all 
of which produced high stems and 25 of which have flowered. 
One was a mutant, combining the gray narrow leaves of O. cana 
with the marks of the stature, foliage, and flowers of O. lata. 
The plants of the type of O. cana were exactly like pure O. cana 
at the beginning of the flowering period, in July, when they had 
reached a height of 70 cm. The remaining plants were like (O. 
Lamarckiana XO. biennis Chicago) laeta and velutina. The recipro- 
cal cross yielded 59 specimens, of which 5 remained in the condition 


™4 On these questions see Gruppenweise Artbildung, pp. 268-295. 1913. 
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of rosettes. Of the remaining 54, about one-half or 25 have 
flowered, the others reaching this stage approximately at the time 
when they were pulled up and counted. One plant was a mutant, 
being a metaclinous velutina, just as described in my book on 
pp. 308-311. The others were densa and laxa, as should be expected, 
and agreeing with these types throughout their whole life. 

O. canaXO. Cockerelli—A culture of 63 specimens embracing 
4 cana, 5 laeta, and 15 velutina, which have flowered, and a large 
number of rosettes of radical leaves. Two plants were mutants 
of the type of O. lata and one of them has flowered. Neither in 
the rosette stage nor at the time of flowering have the plants of 
the cana type showed any difference from ordinary O. cana, the char- 
acters of the father, also of its twin hybrid type, being invisible 
in them. Such was the case in almost all the beds containing 
the hybrids whose mother was cana, and this made the distin- 
guishing and counting of this type quite easy and sharply defined, 
and therefore fully reliable. Short narrow leaves of a gray color, 
a slender spike with long, thin flower buds with nodding tips were 
everywhere the same distinguishing marks. The Jaeta and velutina 
had the ordinary type of these twins, as produced by O. Cockerelli. 

The reciprocal cross yielded 19 annual'and 13 biennial Jaeta, 
besides 4 annual and 23 biennial velutina of the same type. The 
annual plants have flowered; the biennials became stout rosettes 
in July and August. 

O. canaXO. Hookeri.—Represented by 25 flowering plants, 
3 younger ones, and 4o rosettes, and among the flowering indi- 
viduals 5 cana, 5 laeta, and 4 velutina. The cana were like those of 
the pure type; the Jaeta and velutina did not differ from those 
of the cross O. LamarckianaX O. Hookeri, some of the velutina being 
of a yellowish green in such a degree as not to be able to produce 
astem. The reciprocal cross yielded only two Jaeta, one of which 
has flowered, among a culture of 60 specimens. The remainder 
were velutina, 24 flowering plants and 34 rosettes of radical leaves. 
The types were the same as those in the reciprocal cross. 

O. syrticolaXO. cana.—Represented by 60 specimens of the 
type of (O. syrticolaX Lamarckiana) laeta and velutina. Of these 
19 Jaeta and 6 velutina have flowered, reaching a height of 2 m. in 
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August. The remaining plants were pulled out as large rosettes 
in July. 

O. atrovirens XO. cana.—Represented by 55 plants, among which 
8 densa and 17 laxa have flowered. They were in all respects like 
the twins of the corresponding cross of O. Lamarckiana. Just 
as in this cross, some specimens had cordate petals and others had 
linear ones, repeating the cruciata type. But on the first plants 
stray flowers with narrower petals were found, from time to time, 
indicating a high degree of fluctuability rather than a splitting into 
two constant and uniform types. 

The reciprocal cross yielded only 23 seedlings, 20 of which 
were yellow and died very early, and the 3 remaining ones were 
very weak, reaching only a height of 40-60 cm. when they flowered. 
They had the type of the gracilis of the corresponding cross of 
O. Lamarckiana. They were not mentioned in table IX. 

O. canaXO. biennis L.—Among 7o plants of this culture, one- 
half had the type of O. LamarckianaX biennis, and of these 15 have 
flowered. The other half were evidently cana. Of these, 28 had 
the stature of typical O. cana, but with some marks which indi- 
cated an influence of the father. The foliage was less gray, a 
darker green, with broader bracts, and more dense spikes with 
smaller flowers than in the other crosses. The stigmas were sur- 
rounded by the anthers, insuring natural self-fertilization, as in 
O. biennis. Besides these intermediate types there were 7 dwarfs, 
which had the gray, narrow, and pointed foliage of O. cana, and 
which in the table have been calculated together with the high 
specimens of the cana type. 

The reciprocal cross yielded only Jaeta and velutina, together 
57 plants, of which about one-half of each type have flowered. 

O. canaXO. Lamarckiana.—The two types of this culture were 
exactly the same as in the self-fertilized offspring of the mutant. 
There were only 19 specimens, of which 6 were cana, 11 Lamarck- 
zana, and 2 nanella. The dwarfs combined the marks of cana with 
those of manella and have been calculated in the table with the 
cana specimens of tall stature. 

The same cross had been made in 1907, the seeds being sown 
in 1913. In this case there were 50 offspring, among which 26 
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were cana and 23 were Lamarckiana, while one dwarf occurred. 
The percentage figures, 52 cana and 46 Lamarckiana, confirm those 
of table X. 

The reciprocal cross yielded only normal Lamarckiana, 60 
specimens with one dwarf. Of these 23 have flowered. 

O. lataXO. cana.—In this case the differences were already 
very clear at the beginning of June. Therewere 34 lata, 61 Lamarck- 
zana, and 3 mutants (one each of cana, nanella, and oblonga). In 
August 7 lata and g Lamarckiana flowered. They repeated the 
type of the hybrids of O. /ata with the parent species. 

O. canaXO. nanella.—Only 24 seeds germinated. These pro- 
ducéd 5 cana, 17 Lamarckiana, and 2 dwarfs which had the char- 
acteristics of O. cana. All these plants have flowered. 

The reciprocal cross gave 111 plants, of which one was_a cana 
of normal stature, 105 were cana with the dwarfish stature of 
O. nanella, and 5 had the type of O. Lamarckiana. Two of this 
last type, the normal specimen of cana, and 22 dwarfs flowered in 
August. 

O. oblongaXO. cana.—Already in June the differences were 
clear and unmistakable. Among 72 plants 59 were of the Lamarck- 
tana type, 11 oblonga, 1 albida, and 1 rubrinervis. Of these, 2 
oblonga and 12 Lamarckiana flowered; most of the others lived 
through the summer in the condition of large rosettes of radical 
leaves. 

O. canaX O. rubrinervis.—Only 20 seeds germinated, and yielded 
8 cana of the normal type, 5 Lamarckiana, and 7 subrobusta, all of 
which have flowered. 

The reciprocal cross yielded 59 plants, but in only two types, 
which were the same as those in the first instance. Of these, 17 
Lamarckiana and 8 subrobusta have flowered. 


Summary 


1. Besides O. scintillans, which splits under ordinary circum- 
stances in every generation into nearly equal groups of plants of 
the same type and others of the type of O. Lamarckiana, I have 
cultivated pedigree families of 4 other mutants of O. Lamarckiana 
which behave in the same manner. They have been designated 
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as O. cana. O. pallescens, O. Lactuca, and O. liquida. Their Lamarck- 
zana-like offspring are constant in their progeny. Besides the two 
main types, they produce, as a rule, a relatively high percentage 
of other mutants. 

2. The specimens of the parental type are on the average pro- 
duced in about 40 per cent, the other 60 per cent being Lamarckiana 
with some mutants; but these figures vary with the cultures and 
with the plants according to their individual strength. They 
may even increase, on very strong biennials, to 93-97 per cent for 
the parental type. 

3. Dimorphic mutants of this type occur also in allied species 
of the biennis group, as has been discovered by BaRTLett in the 
case of O. stenomeres mut. lasiopetala and described in this article 
for O. biennis Chicago mut. saligna. 

4. In the crosses with older species or with O. Lamarckiana and 
its derivatives, O. cana follows exactly the type of the analogous 
crosses of O. scintillans and O. lata. 

5. In the dimorphic mutants, the special characters are handed 
down to the next generation through the ovules only. The pollen 
lacks these characters, and is, so far as investigated, not different 
from that of pure O. Lamarckiana. 

6. The dimorphic mutants constitute a group in which the 
hereditary phenomena are evidently independent of the externally 
visible characters of the special members of the group, but must 
be assumed to have the same intrinsic causes in the different cases. 


Botanic GARDEN 
AMSTERDAM 


Die 
endemischen Pflanzen von Ceylon 
und die mutierenden Oenotheren. 


Von 


Hugo de Vries. 


Sonderabdruck aus dem »Biologischen Centralblatt*. | 
Bd. XXXVI. Nr. 1, ausgegeben am 20. Januar 1916. 


LEIPZIG. 
Verlag von Georg Thieme, 


1916. 


Sonderabdruck aus dem ,Biologischen Centralblatt“. 


Die endemischen Pflanzen von Ceylon und die 
mutierenden Oenotheren. » 
Von Hugo de Vries. 


Far die Mutationslehre ist es augenblicklich eine Hauptfrage, 
wie Arten in der freien Natur entstehen. Die Forschung hat sich 
hier offenbar zunachst an diejenigen Arten zu wenden, welche in 
der jetzigen geologischen Periode entstanden sind, und am besten 
an die, welche noch an Ort und Stelle leben, wo sie zuerst auf- 
traten und wo die Lebensbedingungen seit ihrer Entstehung noch 
als unverandert angenommen werden kénnen. Es handelt sich also 
im wesentlichen um endemische Arten mit méglichst geringer Ver- 
breitung. 

Kine zweite sehr wichtige Frage ist die nach dem Parallelismus 
zwischen der Entstehungsweise solcher lokalen Arten und den Er- 
scheinungen, welche das Auftreten neuer Arten im Versuchsgarten 
begleiten. Je mehr es gelingt, diese Analogie in Hinzelheiten nach- 
zuweisen, um so sicherer wird offenbar die experimentelle Grund- 
lage fiir die neue Auffassung der Abstammungslehre werden. 


‘ 
De Vries, Die endemischen Pflanzen yon Ceylon ete. 


Zwei Forschungsrichtungen bieten sich augenblicklich fir einen 
solchen Vergleich dar. LEinerseits die Mutationsvorginge in der 
Gattung Oenothera, andererseits die Studien von Willis tiber die 
endemischen Pflanzen von Ceylon’). 

Die Flora von Ceylon ist fiir diese Untersuchung ganz be- 
sonders geeignet, da sie seit tiber 70 Jahren von zahlreichen For- 
schern genau bearbeitet worden ist und die Resultate in der groBen 
Flora von Trimen und Hooker zusammengestellt sind. In diesem 
Werke hat Trimen fir jede der 2809 beschriebenen Arten den 
Grad der Seltenheit angegeben. Er teilte dazu die Pflanzen in 
sechs Klassen ein, u. zw. Sehr gemein, Gemein, Ziemlich gemein, Ziem- 
lich selten, Selten und Sehr selten. Diese Angaben beruhen selbst- 
verstindlich auf Schatzungen, welche aber unabhangig von jeder 
moglichen theoretischen Verwertung gemacht worden sind. Die 
Ausfihrungen und Berechnungen Willis’ zeigen, dass sie im allge- 
meinen sehr genau und zuverlasslich sind. Bezeichnet man die 
sechs Klassen von Trimen mit Zahlen (1 = sehr gemein, 6 = sehr 
selten u. s. w.), so lasst sich die mittlere Seltenheit einer willkiir- 
lichen Gruppe von Arten in folgender Weise berechnen. 

In der Gruppe werden die Arten nach den sechs genannten 
Klassen zusammengestellt; fiir jede solche Unterabteilung wird die 
Zahl ihrer Arten mit dem Faktor der Seltenheit multipliziert, die 
Produkte werden addiert und ihre Summe durch die ganze Zahl 
der Arten dividiert. 

Das Ergebnis ist die mittlere Seltenheit der Gruppe, in Zahlen 
zwischen 1 und 6 ausgedriickt. Die Methode lasst sich offenbar 
fir den Vergleich beliebiger Gruppen von Arten anwenden, z. B. 
fir Familien und gréBere Gattungen, fiir die endemischen Arten, 
fiir Pflanzen der trockenen und der feuchten Regionen der Insel, 
fiir Arten mit auffallenden sogen. Anpassungen u. s. w. 

Das Mittel aus den Zahlen 1—6 ist 3,5, und dieselbe Ziffer 
erhalt man, wenn man die mittlere Seltenheit aller Arten der Insel 
zusammen berechnet. Die weiteren Berechnungen sind in zahl- 
reichen Tafeln mitgeteilt worden, deren auffallend regelmaBige Er- 
gebnisse zeigen, dass der Grad der Seltenheit von emem allgemein 
giiltigen Gesetze beherrscht wird. Und dieses gilt nicht nur von 
den Pflanzen von Ceylon, sondern das Gesetz muss iiberall fiir die 
geographische Verbreitung bestimmter Gruppen seine Giltigkeit 
haben. 


1) J. C. Willis, The endemic flora of Ceylon, with reference to geographical 
distribution and evolution in general, Phil. Trans. Roy. Soc. London, Series B, 
Vol. 206, S. 307—342. 

J. C. Willis, Some evidence against the theory of the origin of species by 
natural selection. Ann. Roy. Bot. Garden Peradeniya, Vol. IV, Prt. 1, 8. 1. 
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Indem ich fiir die Einzelheiten der Tafeln und deren Zusammen- 
fassungen den Leser auf die Schrift von Willis verweise, will ich 
hier nur die von ihm gezogenen Folgerungen als Grundlage fiir 
meinen Vergleich benutzen, 

Dazu ist es aber erforderlich, zunichst eine gedringte Uber- 
sicht tber die bis jetzt bekannten Mutationsvorgange bei den Oeno- 
theren zu geben. Ich entnehme diese teilweise der vorhandenen 
Literatur, teilweise meinen eigenen noch nicht verdffentlichten Be- 
obachtungen. 

Die Untergattung Onagra umfasst augenblicklich etwa 50 Arten?). 
Von diesen sind die meisten erst in den letzten Jahren unter- 
schieden und beschrieben worden, namentlich von H. H. Bartlett. 
Dieser Forscher hatte die Freundlichkeit, mir Samen seiner neuen 
Arten und von mehreren ihrer Mutanten zu senden, und da sie 
alle reichlich in meinem Garten gebliht haben, hatte ich die Ge- 
legenheit, mich von ihrem Werte und ihren auffallenden Unter- 
schieden zu tiberzeugen. Von jenen 50 Arten haben 8, also 16%, 
bis jetzt mehr oder weniger zahlreiche Mutationen hervorgebracht, 
wahrend fiir einige weitere Arten Andeutungen eines 4hnlichen 
Verhaltens vorliegen. Da die meisten Arten in dieser Beziehung 
aber nur nebenbei untersucht worden sind, darf wohl angenommen 
werden, dass das Mutieren in dieser Gruppe eine ziemlich, weit- 
verbreitete Erscheinung ist. 

Die acht mutierenden Arten sind: O. Lamarckiaua Ser., O. bien- 
nis L., O. biennis Chicago, O. stenomeres Bartlett, O. pratincola 
Bartl., O. Reynoldsti Bartl., O. grandiflora Ait. und O. suaveolens 
Desf. Ich werde jetzt ihre Mutanten fiir jede Art einzeln an- 
fihren. 

O. Lamarckiana. Diese Art ist noch stets weitaus die reichste 
an neuen Formen, sowohl nach der Zahl der verschiedenen aus ihr 
hervorgehenden Typen, als nach dem Prozentsatze der in jedem 
Jahre auftretenden Mutanten. 

Unter diesen wird von den meisten Schriftstellern O. gigas, 
welche durch die doppelte Anzahl der Chromosomen gekennzeichnet 
ist, als progressiv betrachtet. 0. brevistylis, O. rubrinervis und 
O. nanella sind retrogressive Mutanten, wahrend in O. lata und 
O. scintillans ein in der Mutterart latentes Merkmal als tatig ange- ° 
nommen wird. Diese beiden Formen sind somit degressiver Natur. 
In Bastardierungen folgt O. brevistylis den Mendel’schen Gesetzen, 
ein fir die Oenotheren seltener Fall. An diese schlieBt sich 0. 
rubricalyx an, welche in den Kulturen von Gates aus O. rubri- 
nervis hervorgegangen ist und sich der Mutterform gegeniber als 


2) R. R. Gates, The Mutationfactor in evolution (Liste von 39 Arten, S. 10). 
H. H. Bartlett, Twelve elementary species of Onagra (12 weitere Arten), 
Cybele Columbiana Vol. I, 8. 37-56 
1* 
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Mendel’sche Dominante verhialt’). Ich habe diese prachtvolle Neu- 
heit aus Samen, welche Herr Gates mir zu senden die Liebens- 
wirdigkeit hatte, durch zwei Generationen kultiviert und mich von 
der Richtigkeit dieser Angabe tiberzeugt. 0. scintillans bildet eine 
dimorphe Rasse, indem sie sich alljahrlich in seintillans und La- 
marckiana spaltet. 

Solche dimorphe Mutanten habe ich in der letzten Zeit mehr- 
fach isoliert; an anderer Stelle werde ich von ihnen vier neue 
Typen als O. cana, O. pallescens, O. Lactuca und O. lKiquida be- 
schreiben. O. semigigas hat 21 Chromosomen und ist somit als halbe 
Mutante vom Gigas-Typus zu betrachten. Ich habe neulich ge- 
funden, dass sie mit ausreichender Sicherheit als junge Rosette an 
den breiteren Wurzelblattern erkannt werden kann und ziemlich 
regelmaBig in einem Exemplare unter 1000 vorkommt. Eine erheb- 
liche Anzahl von anderen Mutanten sind bereits beschrieben worden *) 
und wenn man unter 10—20000 jungen Rosetten die abweichenden 
Typen auswahlt, findet man wohl stets eine Reihe neuer Formen. 

Einzelne von diesen haben bereits gute Rassen gegeben, die 
meisten sind aber wegen mangelhafter Samenbildung unter unserem 
Klima oder aus anderen Griinden nicht weiter kultiviert worden. 
Solche umfangreiche Versuche machen den EHindruck, als ob das 
Mutationsvermégen der O. Lamarckiana nahezu unerschépflich sei. 
Demgegeniiber steht aber der Umstand, dass gewisse, sehr erwiinschte 
und anscheinend einfache Spriinge, wie konstant fiinfzihlige Bliiten, 
weife Blumenkronen u. s. w., bis jetzt nicht vorgekommen sind. 

O. biennis L. mutiert in semigigas, nanella, sulfurea, leptomeres, 
lata, rubrinerris und laerifolia. Die beiden ersteren sind von Stomps 
entdeckt worden und seitdem wiederholt aus der reinen Rasse der 
Q. biennis in meinem Garten entstanden'). 

Die Mutation von Oenothera biennis in O. biennis sulfurea wurde 
von Klebahn an Pflanzen aus der Liineburger Heide studiert’). 
Dieser Forscher beobachtete auch die O. biennis cruciata, welche 
auch in unseren Diinen als Mutante entstanden ist und welche jetzt 
von Bartlett O. biennis leptomeres genannt wird. Die drei zuletzt 
genanntem Formen, unter denen 0. biennis lata wohl die wichtigste 
ist, sind von Gates beschrieben worden’). Uberdies ist eine 


3) R. R. Gates, The new Phytologist Vol. 12, Nr. 8, p. 291, Oct. 1913. 

4) F. W. T. Hunger, Recherches exp. s. ]. mutation chez Oe. Lam. Ann. 
Buitenz. 2¢ Série, T. XII, p. 92—113. 

5) Th. J. Stomps, Parallele Mutationen bei Oenothera biennts. Ber. d. 
deutsch. bot. Gesellsch. Bd. 32, 1914, S. 179 und a. a. O. 

De Vries, The coefficient of mutation in Oe. biennis L. Bot. Gaz. Vol. LIX, 
Nr. 8, 1915, S. 169—196. 

6) H.Klebahn, Formen, Mutationen und Kreuzungen bei einigen Oenotheren 
aus der Liineburger Heide. Jahrb. Hamb. Wiss. Anst. Bd. XXXI, 1913. 

7) R. R. Gates, The mutationfactor in evolution. London 1915, 8. 153. 
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schmalblitterige Form von 0. biennis von C. Stuart Gager in 
Radiumkulturen erhalten worden’), 

O. biennis Chicago ist eine, den Bartlett’schen neuen Arten 
gleichberechtigte, mit O. biennis nicht naher verwandte und nur 
vorlaufig unter diesem Namen aufgefiihrte Art, von der ich zuerst 
in einem Walde unweit Courtney am Ufer des Missouri-Flusses 
eine Mutation entdeckt habe und welche seitdem in meinem Garten 
neue Typen hervorgebracht hat. Unter diesen nenne ich hier nur 
O. salicastrum, O. salicifolia und O. saligna; sie sind alle durch 
schmale Blatter und andere Merkmale von der Mutterart durchaus 
verschieden. 

Die beiden ersteren sind in meinem Buche Gruppenweise Art- 
bildung 8S. 304—307 beschrieben und abgebildet worden, die letztere 
soll an anderer Stelle besprochen werden. Sie ist eine dimorphe 
Form, welche in jeder Generation in etwa der Halfte der Individuen 
zum Typus der Mutterart zuriickkehrt, welche: sich also in dieser 
Beziehung verhalt wie 0. scintillans u. a. 

O. stenomeres Bartlett hat zwei Mutanten geliefert, welche 
von Bartlett unter den Namen gigas und lasiopetala beschrieben 
worden sind. Beide sind progressive Mutationen mit fiir die Gruppe 
neuen Merkmalen. Die erstere hat, wie die O. Lamarckiana mut: 
gigas, die doppelte Anzahl von Chromosomen und die entsprechen- 
den dicken Bliitenknospen. Sie hat in meinem Garten in etwa 
30 Exemplaren gebliiht, neben einer gleich grofen Kultur der Art 
selbst. Alle Teile, sowohl die vegetativen Organe als die Bliiten 
zeigten deutlich die (igas-Merkmale. O. stenomeres mut : lasiopetala 
hat stark behaarte Blumenblatter, wihrend bekanntlich die Petalen 
der Oenotheren sonst glatt und unbehaart sind ®). 

O. pratincola Bartlett. In den Kulturen dieses Forschers sind 
entstanden mzt: gigas, mit 28 Chromosomen, und mut: formosa, mit 
schmalen, runzeligen Blattern, ahnlich wie meine O. biennts Chicago 
mut : salicifolia, aber weit hoher und kraftiger als diese (in meiner 
Kultur 1,5 m gegen etwa 0,6 m). Ferner die Mutationen nwmmu- 
laria, tortuosa, rubricentra und nitida'). 

O, Reynoldsit Bartlett bringt drei Arten von Zwergen hervor, 
welche die Namen debilis, semialta und bilonga fihren. Die ersteren 
sind die kleinsten und schwachsten; die seméalta sind intermediar 
zwischen dieser und der Mutterart, und die dilongw sind der semialta 
in jeder Hinsicht gleich, mit Ausnahme der Friichte, welche doppelt 


8) C. Stuart Gager, Cryptomeric inheritance in Onagra. Bull. Torr. Bot. 
Club T. 38, S. 461 und Brooklyn Inst. of Sc., Contrib. Nr. 3, 1911. 

9) H.H. Bartlett, The experimental study of genetic relationships. American 
J. of Bot. Il, S. 132—155, 1915 (8. 143 mut: gigas; S. 146 mut: lasiopetala). 

10) A.a.O. und H. H. Bartlett, Additional evidence of mutation in Oeno- 
thera. Bot. Gaz, Vol. 59, 8. 81—123, 1915. 


6 De Vries, Die endemischen Pflanzen von Ceylon cte. 


so lang sind. Leider haben diese Mutanten in meinem Garten 
wegen des zu nérdlichen Klimas zu spat gebliht und keine Friichte 
ausgebildet. Die Art des Mutierens ist hier von der gewéhnlichen 
verschieden, indem gewisse Individuen der O. Reynoldsti anscheinend 
keine Zwerge hervorbringen, wahrend andere deren 60—80%, ab- 
werfen"), 

O. grandiflora Ait. hat in den Kulturen von Davis und von 
Gates eine Reihe von Formen geliefert, deren einige vermutlich 
Bastarde sind, da der Fundort, von welchem ihre Samen stammten, 
eine Mischung von 0. grandiflora, O. Tracyi und tber ein Dutzend 
intermediiren Formen enthalt und somit als Ausgangspunkt fir 
reine Kulturen unbrauchbar ist!®), Als sichere und wichtige Mu- 
tation ist unter diesen Neuheiten jedenfalls ein von Gates er- 
haltener Zwerg anzufithren**), Auer bei Dixie-Landing in der 
Nahe von Tensaw wichst die O. grandiflora noch an anderen Stellen 
in Alabama und von. diesen besuchte ich 1912 mit Herrn Bartlett 
die Umgegend des Dorfes Castleberry. Die Pflanze wuchs hier auf 
einem Maisfelde, und soviel wir feststellen konnten, als reine Rasse. 
Aus den dort eingesammelten Samen habe ich seither drei Gene- 
rationen kultiviert. Sie brachten regelmabig zwei Mutationen her- 
vor, welche ich mut: ochracea und mut:lorea nenne. Die erstere 
ist von niedriger Statur und hat blasse griine Blatter, die zweite 
ist kraftig und durch lange, dunkelgriine, riemenférmige Blatter 
ausgezeichnet. 

Die ochracea entstand in den beiden letzteren Generationen in 
vielen, die dorea dagegen nur in wenigen Exemplaren; beide sind 
samenfest. Kine ausfihrliche Beschreibung soll aber erst nach fort- 
gesetzter Kultur gegeben werden. 

AuBerdem entstand aus den Samen meiner zweiten Generation 
eine Mutation, welche die dicken Blitenknospen und andere Merk- 
male des Gigas-Typus fithrte, deren Chromosomen aber bis jetzt 
noch nicht gezihlt worden sind. Sie trat in zwei Individuen in 
einer Kultur von mehreren Hundert blihenden Pflanzen auf. 

O. suaveolens Dest. Seitdem ich diese Form neben der 0. 
giandiflora aus Alabama in meinem Garten kultiviere, hat sie sich 
als von dieser durchaus verschieden herausgestellt**). Die Samen 
zu meiner Kultur erhielt ich von Herrn Prof. L. Blaringhem, 


11) H. H. Bartlett, Mutation en masse. Americ. Naturalist, 1915, 8. 135. 

In ahnlicher Weise erzeugt O. Lamarckiana mut: gigas Individuen, welche 
etwa 25 % Zwerge unter ihren Nachkommen enthalten. Vgl. Bot. Gaz. T. 60, 1915. 

12) De Vries und Bartlett, The evening primroses of Dixie-Landing, Ala- 
bama, Science N. 8. 36, S. 599—601, 1912. 

13) R. R. Gates, Mutationfactor, S. 150. 


14) L’Oenothera grandiflora de Vherbier de Lamarck. Revue gén. d. bot. 
XXYV bis, 8. 151. 


De Vries, Die endemischen Pflanzen von Ceylon etc. Wa 


der mir auch den Fundort im Forste von Fontainebleau zeigte. 
Hier bringt die Art von Zeit zu Zeit Exemplare mit schwefelgelben 
Bliiten, O. suaveolens mut: sulfurea hervor, und dieselbe Mutation 
ist im verflossenen Sommer auch in meinem Garten aufgetreten. 

AuBerdem erhielt ich in der zweiten Generation (1914) meiner 
Kultur eine Zwergform mit dunkelgriinen langen und schmalen und 
sehr lang zugespitzten Blattern, welche ich mut: jaculatrix nenne. 
Sie ist unter unserem Klima sehr schwach und die Pflanze gab aus 
zahlreichen anscheinend guten Friichten nur zwei keimfaihige Samen, 
welche zu der Mutter gleichen Pflanzen aufgewachsen sind. Ebenso 
entstand die mat: jaculatriz in der dritten Generation meiner Rasse, 
und zwar aus einer Kultur von tber 1600 Exemplaren in einer 
Reihe von Individuen, von denen etwa ein Dutzend gebliiht haben. 
In derselben Kultur traten zwei neue Formen O. suaveolens mut: 
lutescens und mut: fastigiata auf, beide in mehreren Exemplaren. 
Die erstere ist schwach, gelblichgriin, niedrig und diinnstengelig; 
sie erinnert an die mut: ochracea aus O. grandiflora. Die fastigiata 
ist zwar niedriger als die Art, aber kriftig und dicht beblattert; 
ihr Hauptmerkmal ist aber der aufgerichtete Stand ihrer Seiten- 
zweige, Bliiten und Blitenknospen. Diese sind bei der Mutterart 
im weiten Bogen aufwiarts gerichtet, bei der Mutation aber der 
sie tragenden Achse dicht angedrickt. Schlieblich sind noch zwei 
Exemplare einer wot: lata und eine Pflanze mit dicken, an den 
Gigas-Typus erinnernden Bliitenknospen zu erwéhnen., 

Alle diese Formen sollen ausfithrlich beschrieben werden, sobald 
sie in zweiter Generation kultiviert sein werden. 

Uberblicken wir die ganze Liste der bis jetzt bei den Oeno- 
theren gefundenen Mutationen, so fallt es auf, dass gewisse Typen 
aus je zwei oder mehreren Arten entspringen. 

So geben O. biennis und U. suareolens die mut: sulfurea; O. 
Lamarckiana, O. stenomeres und 0. Reynoldsid geben mut: gigas, 
und in derselben Richtung variiert (. bienn?s, und wahrscheiplich 
auch O. grandiflora und O. suaveolens. Zwerge und schmalblattrige 
Formen sind gleichfalls nicht selten, und auch die mut: lata ist fir 
drei Arten beobachtet worden. Daneben gibt es aber auch Typen, 
welche bis jetzt nur von einer Mutterart abgeleitet worden sind, 
sei es von der formenreichen 0. Lamarckiana, sei es von anderen 
Arten. Ohne Zweifel deuten diese Erscheinungen darauf hin, dass 
die Mutabilitat auf bestimmte innere Ursachen zuriickzufithren ist, 
welche, da sie so vielen Arten gemeinsam sind, wohl als durch 
Vererbung von der einen auf die andere ibergegangen angenommen 
werden miissen. Gleichfalls darf man wohl annehmen, dass der 
hohe Grad der Mutabilitat der O. Lamarckiana nicht etwa plotzlich 
entstanden ist, sondern sich bereits in den Vorfahren dieser Art 
ganz allmahlich entwickelt hat. 
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Vergleichen wir jetzt die Mutabilitat der Oenotheren mit den 
Ergebnissen, welche Willis fir die Entstehung der endemischen 
Pflanzen von Ceylon aus seinen vergleichenden statistischen Unter- 
suchungen abgeleitet hat. 

Unter diesen Arten gibt es 108, welche je nur auf einem Berg- 
gipfel oder an einer kleinen Stelle im Gebirge vorkommen. Dort 
sind sie oft nur in sehr wenigen Exemplaren vertreten, z. B. Coleus 
elongatus auf dem Berge Ritigala nur in etwa einem Dutzend von 
Individuen. Mehrfach sind sie an Bedingungen gebunden, welche 
nur ganz lokal vorkommen und oft auf weniger als einen Hektar 
beschrinkt sind. Auer diesem engen Gebiete findet man sie nicht, 
teils wegen der Eigenschaften des Bodens, teils wegen der mit der 
Hohe der Lage rasch wechselnden klimatischen Einflissen. 

Sie kénnen somit wohl nie eine bedeutend gréfere Verbreitung 
gehabt haben als die jetzige. Trotzdem bilden sie gute, systema- 
tische Arten und sind sie nicht durch Ubergange mit den nachst- 
verwandten Arten verbunden. Diese sind gewéhnlich viel weiter 
verbreitet, an Individuen reich und wachsen oft in der nachsten 
Nahe der endemischen Formen. 

Diesen Mangel an Ubergangsformen findet man bekanntlich auch 
in dem schénsten Beispiel der europaéischen Mutationen, der Linaria 
vulgaris peloria**). Uberall wo diese, sei es im Freien, sei es im 
Versuchsgarten, aufgetreten ist, geschah es ohne jede Vorberei- 
tung oder Vermittlung. Genau so verhalten sich die Mutationen 
der Oenotheren, welche ja auch sprungweise Umbildungen dar- 
stellen. 

Die sichtbaren Higenschaften der lokalen endemischen Pflanzen 
Ceylons weisen nirgendwo bestimmte Beziehungen zu der Um- 
gebung auf und stellen offenbar keine Vorziige im Kampf ums 
Dasein dar. Die von Willis gegebenen vergleichenden Beschrei- 
bungen zeigen dieses klar. Wesentlich ist aber die Tatsache, dass 
es den endemischen Formen nicht gelungen ist, ihre Vorfahren zu 
verdrangen und sich an deren Stelle auszubreiten. Solches kommt 
selbstverstandlich unter den 800 endemischen Arten Ceylons bei 
elnigen vor, aber weitaus die meisten sind verhaltnismabig selten 
geblieben. Sie sind also offenbar nicht unter dem Einflusse einer 
natirlichen Auslese von kleinen niitzlichen Abweichungen durch 
deren allmahliche Anhiufung zum Vorteil der sie tragenden Pflanzen 
ausgebildet worden, wie es die alte Lehre annahm. Die Tabellen 
von Willis lehren, dass diese Vorstellung in keinem einzigen Falle 
zutrifft. Es bleibt keine andere Méglichkeit tibrig als die Annahme 
von Spriingen, mittelst deren die neuen Arten mit einem Schlage und 
in voller Ausbildung aus ihren Vorfahren entstanden sein miissen. 


15) Die Mutationstheorie. Bd. I, 8. 562. 
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Bei den Oenotheren aber lehrt die unmittelbare Beobachtung die 
Mutationen als solche kennen. 

Die endemischen Arten sind samenfest und pflanzen sich, so- 
weit bekannt, ohne Rickschlage auf ihre Vorfahren fort. 

Ebenso verhalten sich die meisten Mutationen der Oenotheren, 
und zwar vom Anfang an. Ob es in Ceylon auch dimorphe Spezies 
gibt, welche sich in jeder Generation Ahnlich spalten wie die 0. 
scintillans, ist selbstverstindlich unbekannt. Dieses ist aber sehr 
unwahrscheinlich, da solche Formen bereits im Laufe weniger Jahre 
von ihren atavistischen Spaltungsprodukten verdringt werden 
miissten '%). 

Ob dieselben Mutationen im Freien nur je einmal oder wieder- 
holt entstehen, ist eine Frage, welche der Beobachtung nicht zu- 
ginglich ist, wie Willis hervorhebt (a. a. O. S. 331). Er halt es 
fiir nicht unwahrscheinlich, dass sie oft in mehreren Exemplaren 
aus den Samen eines und desselben Individuums hervorgehen. Von 
solchen Samen kénnten dann die meisten durch dufere Umstande 
verloren gehen, aber die Aussicht wire gréfer, dass wenigstens 
einzelne zu blihenden Pflanzen aufwachsen wiirden. Unter den 
Oenotheren ist es Beobachtungssache, dass die Samen einer selbst- 
befruchteten Mutter gar oft mehrere Exemplare derselben Neuheit 
enthalten und die Linaria rulgaris peloria lehrt ohne weiteres, dass 
eine bestimmte Mutation im Freien zu wiederholten Malen aus 
einer Spezies hervorgehen kann. Und seitdem dieselbe Mutation, 
wie z. B. die Gdgas, aus verschiedenen Arten entstanden ist, kann 
es wohl nicht fraglich sein, dass sie auch mehrfach aus derselben 
Spezies hervorgehen kann. Es ist in dieser Beziehung vielleicht 
wichtig, dass die 0. gigas, welche ja eine progressive Mutation dar- 
stellt und somit. am nichsten mit den Endemismen zu vergleichen 
ist, in meinen Kulturen his jetzt nur einmal aus der O. Lamarckiana 
entstanden ist. Auch fir 0. brevistyl’s und O. laevifolia, welche 
bis jetzt nur auf dem Felde bei ‘s Graveland gefunden worden sind 
und welche somit eigentlich auch als lokale endemische Formen 
betrachtet werden kénnen, geniigt die Annahme einer einmaligen 
Entstehung vollkommen. Wir folgern also, dass Mutationen sowohl 
im Versuchsgarten als im Freien entweder nur je einmal bezw. 
ganz selten oder in verschiedenen Graden haufiger entstehen konnen. 

Die Mutationen der Oenotheren sind bekanntlich richtungslos, 
d. h. keine bestimmte Richtung waltet unter ihnen vor. 

Ebenso verhalten sich die Endemismen in Ceylon, welche sich 
tiber Veriinderungen in fast allen Organen und Eigenschaften er- 
strecken. 


16) J. Delboeuf, Ein auf die Umwandlungstheorie anwendbares mathe- 
matisches Gesetz, Kosmos, 1. Jahrg., Bd, II, S. 112 und Die Mutationstheoric, Bd. I, 
8. 147. 
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Die 800 endemischen Arten von Ceylon sind iiber nahezu 100 
natirliche Familien und tber eine viel gréBere Anzahl von Gat- 
tungen ziemlich gleichmabig verteilt. 

Einzelne Gattungen gibt es mit 15—30 endemischen Arten, 
weitaus die meisten aber haben deren weniger als zehn. Diesem 
Verhalten kann man die Tatsache an die Seite stellen, dass in der 
viel kleineren und erst seit kurzem in dieser Richtung untersuchten 
Gruppe der Oenotheren etwa ein halbes Dutzend von Arten je 
1—6 Neuheiten hervorgebracht haben, waihrend deren Zahl bis jetzt 
nur bei der O. Lamarcktana eine viel hohere ist. 

Eine sehr wichtige Frage ist von Willis aufgeworfen worden 
in bezug auf den méglichen Umfang der Mutationen (a. a. O. S. 329). 
Er betrachtet es als eine unrichtige Folgerung aus der Theorie, 
dass diese Spriinge klein sein miissen und stellt als seine Ansicht 
auf, dass man ruhig annehmen darf, dass kein Unterschied zwischen 
zwei nachstverwandten Arten einer Gattung zu groB sei, um in 
einem Sprunge zu entstehen. Sogar Untergattungs- und Gattungs- 
merkmale bediirfen nach ihm haufig nicht der Annahme von Reihen 
von aufeinander folgenden Mutationen. Er fihrt eine Reihe von 
Stiitzen fiir diese neue Ansicht an. Erstens sind auch die kleimsten 
endemischen Arten gute Spezies, welche in vielen Merkmalen von 
ihren nachsten, oft mit ihnen zusammenwachsenden Verwandten 
unterschieden sind. Sie werden denn auch von den besten Syste- 
matikern als Arten und nicht als Varietiiten betrachtet. Dennoch 
sind sie so lokal, dass sie wohl kaum anders als durch einen ein- 
maligen Sprung entstanden sein kénnen. M.a. W. die ganze Gruppe 
von Merkmalen, welche einer Speziesdiagnose zugrunde liegt, muss 
durch eine einmalige Mutation ins Leben gerufen werden kénnen. 
Ferner gibt es in Ceylon 17 endemische Gattungen mit je nur einer 
Art und in diesen Fallen ist die geographische Lage gleichfalls 
eine solche, dass es auf der Hand liegt, fiir die ganze monotype 
Gattung ein einmaliges Entstehen anzunehmen. Ks gibt nur vier 
endemische Gattungen mit je 2—3 Arten und nur zwei mit einer 
groBeren Anzahl, u. zw. Doona mit 11 und Stemonoporus mit 15 Arten. 
Hier miissen offenbar nach der Entstehung der Gattung noch weitere 
Mutationen stattgefunden haben. 

Dieser Auffassung von Willis stimme ich gerne bei und meine, 
dass auch bei den Oenotheren die Mutationen weit zusammen- 
gesetztere Erscheinungen sind als wir bis jetzt angenommen haben. 
Ob man dabei den ganzen Sprung als eine Mutation bezeichnen 
oder die Umwandlung jedes einzelnen Faktors als eine solche be- 
schreiben will, ist offenbar gleichgiltig. In meinem Buche itber 
die Gruppenweise Artbildung habe ich mich bemiht, fiir jede Mu- 
tation eine bestimmte Uminderung in den Vordergrund zu stellen 
und die tibrigen als sekundére, von dieser mehr oder weniger ab- 
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hangige Vorginge zu beschreiben. Doch gibt es offenbar Falle, in 
denen zwei oder mehrere Umanderungen regelmafig zusammen- 
gehen, ohne dass wir einen ursichlichen Zusammenhang zwischen 
ihnen auffinden kénnten. Es mégen davon einige Beispiele ange- 
fiihrt werden. O. rubrinerris unterscheidet sich von der Mutterart 
durch die mangelnde oder mangelhafte Verdickung ihrer Holz- und 
Bastfasern, tiberdies verhilt sie sich in Kreuzungen mit der O. nanella 
anders als die O. Lamarckiana. O. nanella selbst unterscheidet 
sich nicht nur durch die niedrige Statur, sondern auch durch grébere 
Empfindlichkeit fir durch gewisse Bakterien verursachte Krank- 
heiten. O. gigas hat die doppelte Anzahl von Chromosomen und 
die dadurch bedingten auferlich sichtbaren EHigentiimlichkeiten. 
Neben diesen hat sie eine ganze Reihe von Eigenschaften, welche 
weder damit, noch miteinander notwendigerweise zusammenhingen. 
Sie wird z. B. nicht, wie die O. Lamarckiana, von alteren Arten 
in Laeta und TVelutina gespalten; sie bildet fir gewdhnlich inter- 
medidre Bastarde von sehr geringer Fruchtbarkeit und sie folgt in 
ihren Kreuzungen mit dem von ihr erzeugten Zwerge: O. gigas 
nanella, dem Mendel’schen Gesetze, was bekanntlich die O. La- 
marckiana mit ihren Zwergen nicht tut. Dennoch ist diese ganze 
Gruppe von merkwiirdigen EKigenschaften in meinem Garten in einem 
Sprunge entstanden. 

Auch in dieser Beziehung verhalten sich somit die Oenotheren 
in derselben Weise, wie die endemischen Arten von Ceylon und 
es scheint mir, dass der von Willis ausgesprochene Satz mit 
vollem Rechte eine sehr eingehende Beriicksichtigung bei der 
ferneren Bearbeitung der experimentellen Mutationserscheinungen 
beansprucht. Voraussichtlich werden sich diese Mutationen als 
mehr oder weniger und bisweilen als in hohem Grade zusammen- 
gesetzte Vorgiinge ergeben, deren Analyse dann einen wichtigen 
Gegenstand fir weitere Forschung bilden wird?’). 

Fassen wir das Ergebnis der obigen Ausfithrungen kurz zu- 
sammen, so dirfen wir sagen, dass die von Willis ausgefiihrten 
floristischen und statistischen Studien der endemischen Flora von 
Ceylon eine sehr wichtige empirische Stiitze fiir die Mutationslehre 
bilden, und dass der Prozess der Artbildung, wie er von ihm fir 
diese Flora dargelegt worden ist, in nahezu allen Ziigen mit den 
bei den Oenotheren beobachteten Mutationserscheinungen tiberein- 
stimmt. Dadurch erhalt die jetzige experimentelle Methode den 
erwiinschten Beweis fiir die Anwendbarkeit ihrer Ergebnisse auf 
die Vorgiinge in der freien Natur. 


17) Solche Analysen habe ich seit einigen Jahren angefangen zu machen, teils 
auf dem Wege der Kreuzungen, teils durch das Sammeln seltener, in einer und 
derselben Richtung zu verschiedenen Stufen schreitender Mutationen der O. La- 
marckiana. Ich werde dariiber aber erst spiter berichten kénnen, 
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hat den Zweck, die Fortschritte der biologischen Wissenschaften zu- 
sammenzufassen und den Vertretern der Einzelgebiete die Kenntnis- 
nahme der Leistungen auf den Nachbargebieten zu erméglichen. Ohne 
nach Vollstandigkeit. zu -streben, welche. ja doch nicht zu erreichen: 
sein wiirde, sollen doch alle wichtigen und hervorragenden Forschungen, 
besonders aber diejenigen, welche ein allgemeineres Interesse haben, 
ausfthrlicher beriickgichtigt werden. Zur Erreichung dieses Ziels ent- 
halt das Blatt: : ‘ 
1) Original- Mitteilungen, besonders Berichte tiber Forschungs- 
resultate, welche ein allgemeineres Interesse tiber den Kreis ‘der 
engeren Fachgenossenschaft hinaus beanspruchen kénnen. _ . 

_ 2) Referate, welche den Inhalt anderweitig verdffentlichter ze- 
lehrter Arbeiten in knapper, aber verstindlicher Weise wiedergeben. 
Besonders auch Selbstanzeigen, in denen die Herren Gelehrten 
von ihren an anderen Stellen erschienenen Arbeiter, soweit sie in das 
Gebiet unsres Blattes gehéren, sachlich gebaltene Ausziige liefern. 

., 8) Zusammenfassende Ubersichten. Wihrend die Referate 
einzelne Arbeiten behandeln, wird tiber wichtigere Fortschritte der 
Wissenschaft in besondern, zusammenfassenden Ubersichten Bericht 
erstattet, wo nétig unter Riicksichtnahme auf frihere Erscheinungen 
der Literatur, um so die dauernden Bereicherungen unsres Wissens, 
gesondert von der Spren der nur voriibergehend geltenden Einzel- 
beobachtung, festzustellen und den Boden’ kennen zu lehren, auf 
welchen neue Bestrebungen mit Aussicht auf Erfolg sich sttitzen kénnen. 

4) Endlich ftillen Besprechungen von Biichern, biblio- 
graphische Nachweise und ktirzere Notizen die in den vor- 
erwihnten Abschnitten gebliebenen Ltickén so viel als méglich aus 
und erginzen dieselben. ° 

Ausser den Hauptfichern der biologischen: Naturwissenschaften . 
(Botanik, Zoologie, Anatomie und Physiologie) mit ihren Neben- 
faichern (Entwickelungsgeschichte, Paldontologie u.s. w.) finden auch 
die Ergebnisse andrer Wissenschaften Berticksichtigung, soweit sie ein. 
biologisches Interesse haben, somit alles was imstande ist, die 
wissenschaftliche Erkenntnis der Lebenserscheinungen 
zu férdern und zu vertiefen. : 
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- 1907, vu. 4 et 1908, n. 1. 


Kthnert, F. (Wien): Die ideographische Schrift und ihre aioe zum Sprachbau im Chine- 
sischen (L'écriture idéographique et les rapports avec la formation de la langue dans le 
chinois). — 1913, n. 1. 


Landry, A. (Paris): Les trois théories principales de la population. — 1909, n. 3. 


— L'école économique autrichienne. - 1907, n. 8 et 4. 

Langdon, S. (Oxford): Babylonian magic-(La magie babylonienne). - 1914, n. 2. 

Langevin, P. (Paris): L’évolution de l’espace et du temps. - 1911, n. 3. 

Lebedew, P.(Moscou): Die Druckkrifte des Lichtes (Les forces de pression de la jumiere). — 1910, n. 2. 
Le Dantee, F. (Paris): Comment se pose la question de ’hérédité des caractéres acquis. -1908, 0.4 


Lehmann,0. (Karlsruhe): Scheinbar lebende fliessende Kristalle; ktinstliche Zellen und Muskeln (Cris- 
taux fluides ayant une apparence de vie organique; cellules et muscles artificiels). -1908, n. 4. 


Levi, A. (Firenze): Il pensiero scientifico europeo nel secolo decimonono (La pensée scientifique - 
en Europe au XIX siécle). ~ 1908, n. 4. , 


Loisy, A. (Paris): La critique des évangiles. - 1910, n. 4. 
Lorentz, H. A. (Haarlem): La gravitation. - 1914, n. 4. 


Loria, A. (Zorino) :_L’indirizzo storico nella scienza economica (Le point de vue historique dans 
la science économique). ~ 1908, n. 1. 


Lowell, P. (Flagstaff, Arizona U.S. A.): Mars (Mars). ~ 1910, n. 1. 


— VE 


Lugaro, E. (Modena): Bitonaiani ed epigenesi nello sviluppo- del. sistema nervoso (Préfor- 
misme et épigénése dans le développement du systome nerveux). — 1910, n. 2. 


Mach, E. (Wien): Die Leitgedanken meiner naturwissenschaftlichen Erkenntnislehre und’ ihre 
-Aufnahme durch die Zeitgenossen (Les idées directrices de ma théorie de la connaissance 
dans les sCiences naturelles et laccueil qu’elles ont regu des contemporains). - 1910, n. 2. 


Maunder, E. W. (Greenwich): The « canals » of Mars (Les «canaux» de Mars), - 1910, n. 2. 
— The Sun- ‘Spots (Les taches du Soleil). - 1913, n. 1. . 


Maunier, R. (Paris): La-sociologie francaise contemporaine. ~ 1910, nu. 3. 
Mazzarella, G. (Catania): L'etnologia giuridica, i suoi metodi, i suoi risultati (Letinotogie juri- 
dique, ses méthodes, ses yésultats), ° ~ 1910, n. 3. 


Mecklenburg, W. (Klausthal i. H.): Die Lehre von den Elektrolytlésungen (La théorie des 
solutions électrolytiques). - 1918, n. 6. 

Meillet, A. (Paris): Linguistique historique et linguistique générale. - 1908, n. 4. 

— Différenciation et unification dans les langues. - 1911, n. 2.- 

— L’évolution des formes grammaticales. - 1912, n. 6. ~ 

— Le problame de la parenté des langues. - 1914, n. 8. 

Miceli, V. (Palermo) : Gli elementi vivi del diritto (Les éléments vivants du droit). - 1910, n, 4, 

Michels, R. (Zorino): Economia e politica (Economie et politique). - 1914, n. 3. 


Mieli, A. (Roma): Le teorie delle sostanze nei presoeratici greci. I? Parte: Dalle prime specula- 
zioni fino ad Empedocle (Les théories des substances chez les présocratiques grecs. Jére Partie: 
Des premiéres spéculations a Empédo¢le). - 1918, n. 5. 


— Le teorie delle sostanze nei presocratici greci. [1 Parte: Anassagora e gli atomisti (Les 
~ théories des substances chez Hes ts prevaonaclgues grecs. [[eme Par ties Anaxagore et les atomistes). 
~ 1913, n. 6. 


Milhaud, G. (Monfpeliier): Cournot et le pragmatisme scientifique contemporain. - 1911, n. a 


Millosevieh, E. (oma): Dalla torre di Babele al laboratorio di Groninga (De la tour de Babel 
~ au laboratoire de Groningue). - 1912, nu. 5. 


Moreux, Th. (Bourges): Le Soleil ot la prévision des pluies. ~ 1910, n. 4. 

— Ot nous entraine notre Soleil? — 1918, nu. 5. ~ 
Naville, E. (Genéve): La méthode scolastique dans la science du langage. — 1913, n. 2. 
Nernst, W. (Berlin): Sur iquelques nouveaux problémes de la théorie de la chaleur, = 1911, n. 4. 


Oppenheimer, F. (Berliz): Wiesen und Entstehung des BREESE (L’ essence et l’origine du 
capitalisme). — 1908, n. 2 et 4. 


-— Wert und Mehrwert. I. Teil: Die Monopol-Theorie des Mehrwertes (Valeur et plus-value. 
Iere Partie: La théorie de monopole de la plus-value). - 1918, n. 2. 


— Wert und Mehrwert. II. Teil: Kritik der Marx’sche Theorie des Mehrwertes (Valeur et 
plus-valne. []éme Partie: Critique de la théorie de la plus-value de Marx). - 1913, n. 3. 


Ostwald, W. (Leipzig): Zur modernen Energetik (De. Vénergétique moderne). — 1907, n. 1. 
— Der Wille und seine physische Grundlegung (La volonté et sa base physique). - 1911, n. 2. 


_ Ueber Organisation und Organisatoren. I. Teil: Allgemeine Theorie (De Pecgentaastny et des 
organisateurs. Tere Partie: Théorie générale). - 1912, n. 5. 


wa Ueber Organisation und Organisatoren, II. Teil: Moderne Probleme (De lor ganisation et des 
organisateurs. IJ.tme Partie: Problémes modernes). - 1912, n. 6. : 


Pareto, V. (Losanne) : L'économie et la sociologie au point de vue scientifique. ~ 1907, n. 2. 
Pearl, R. (Orono, Maine - U. 8. A.): Biometrical ideas and methods in biology: their significance 
. and limitations (Les idées et méthodes biométriques en biologie: leur signification et leurs 
limitations). - 1911, n. 3. 
Perozzi, S. (Bologna): Socialismo giuridico (Le socialisme juridique). - 1911, n. 3. 


— Precetti e concetti nell’ evoluzione giuridica (Préceptes et concepts dans l’évolution juridique). 
- 1912, n. 3. 


Pettazzoni, R. (Rona): La scienza delle religioni e il suo metodo (La science des religions 
et sa méthode). — 1918, n. 2. : : 


— Storia del cristianesimo e storia delle religioni (Histoire du christianisme et histoire des reli- 
gions). - 1914, n. 4. . 

Pieard, E. (Paris): La mécanique classique etses approximations successives, — 1907, ou. 1. 
Piéron, H.-(Paris): Le probleme de |’orientation. envisagé chez les fourmis. — 1912, n. B. 


Pikler, J. (Budapest): Ueber die biologische Funktion des Bewussteseins (Sur la fonction biolo- 
gique de la conscience). ~ 1909, n. 2. 


Pizzetti, P. (Pisa): Le misurazioni fisiche e la teoria degli errori d'osservazione (Les mesurages 
physiques et la théorie des erreurs d’observation). - 1907, n. 3. 


Poinearé, H. (Paris): Liavenir des mathématiques. - 1908, n. 8. 

— L’évolution des lois. - 1911, n. 2. 

— La logique de Vinfini. - 1912, n. 4. 

— Liespace et le'temps..- 1912, n. 5.- : 

Prenant, A. (Paris): Les thdoedan vielen de la mitose. - 1913, u. 3. 


Pringsheim, E. (Breslaz): “Temperaturstrablung und Lurptheszenz (Rayonnement thermique et 
luminescence). — 1918, n. 2. 


Puiseux, P. (Par is): La place du Soleil parmi les étoiles. - 1911, n. 1. 
Rabaud, E. (Paris): L’évolution tératologique. - 1911, n. 1. 


Raffaele, F. (Palermo): 1 concetto di specie in biologia: I. Avanti e. in Darwin; Il. La -critica 
post-darviniana (Le concept d’espéce en bioleg> I. Avant et chez Darwin; IL. La’ aa 
post- darwinienye). ~ 1907, n. 1 et 2: 


Reinaeh, S. (Paris): De linfluence des images sur-la formation des mythes, - 1909, n. 2. 

Rey, A. (Paris): La possibilité d’une méthode positive dans la théorie de la connaissance. — 1909, n. 4. 
eo 

— Liostracisme du concept de force dans la physique moderne. — 1912, n. 3. 


Rieeobono, 8. (Palermo): L’influenza del cristianesimo nella codificazione. di Giustiniano (L'in- 
fluence du christianisme dans la codification de Justinien). - 1909, n. 1. 


Rignano, E.. aan: Le réle des « théoriciens » > dans les Salences biologiques et sociologiques, 
- 1912, n. 


— La mémoire tees en énergétique. - 1909, n. 3. 


— Dell’origine e natura mnemonica delle tendenze affettive (De l’origine et de. la nature mné- 
monique des tendances affectives). ~ 1911, n. 1. 


— Dell’attenzione. Ia Parte: Contrasto affettivo e unita di coscienza (De. Pathention, Tere Partie: 
Contraste affectif et unité de conscience). ~ 1911, n. 4. — 


— Dell’attenzione. Ila Parte: Vividita e connessione (De Pattention. Teme Partie: Vividité et 
connexion). — 1912, n. 1. : 


— Che cos’é il ragionamento? (Quiest-co. que le raisonnement?), - 1918, n. 1. 


— L’evoluzione del ragionamento. Ia Parte: Dal ragionamento concreto al ragionamento astratto 
(L'évolution du raisonnement. Tene Partie: Du raisonnement concret au raisonnement abstrait). 
— 1918, n. 4. 


— Lrevoluzione del ragionamento. ia Parte: Dall’intuizione alla deduzione (L'évolution, du * 
raisonnement. [Jéme Partie: De l'intuition & la déduction). -- 1918, n. 5. : 


— Qu’est-ce que la conscience? - 1907, n. 4. 

—-Il fenomeno religioso (Le phénoméne religieux). - 1910, n. 1. 

— Le matérialisme historique. - 1908, n. 3. . 

—I socialismo (Le socialisme). ~ 1910, n. 4. 

Righi, A. (Bologna): Comete ed elettroni. (Cométes et alectvond) - 1910, nu. 4. 
—/La natura dei raggi K (La nature des rayons X), - 1914, n. 1. 

Ritz, W. (@éttingen): Die Gravitation (La gravitation). - 1909, n. 2. 

— Du réle de l’éther en physique. — 1908, n. 2. 


— vu — 


Rosa, D. (Firenz ze): Delle leggi che regolano fa variabilita filogenetica (Des lois qui-gouvernent 
la variabilité phylogénétique). ~ 1908, nu. 4. 


— I dilemmj fondamentali circa il metodo dell’ evoluzione (Dilemmes fondamentaux touchant la 
_méthode de l'évolution). ~ 1912, n. 2. 


Rouse, W. H. D. (Cambridge): Classical work and method in the twentieth century (ise études 
classiques pendant le XX° siecle). — 1908, u. 3. 


Rudzki, M. P. (Cracovie): Lage de la Terre. — 19138, n. 2. ie 
Russell, B. (Cambridge): On the notion of cause (Sur la notion de cause). - 1918, n. 3. 


— The relation of. sense-data to physics (Les rapports des données sensorielles avec la physique). 
- 1914, n. 4. 


Russell, E. S, (London): The evidence of natural selection (bes preuves de Vexistence d'une sé- . 
lection naturelle). - 1909, n. 1. 


— Vitalism (Le vitalisme). - 1911, n. 2. _ 
Rutherford, E. (Manchester): The structure of the atom (La structure is Vatome), - 1914, n. 6. 
Sagnae, Ph. (Lille): De © I'importaneo relative, des faits ‘économiques dans ievélittion historique. 


- 1909, n. 2- 
— Lresprit et les progrés de la Révolution Frangaise: Tere Partie: Les origines de la Révo- 
_ tution. - 1914, on. 1. “ 


Sayee, A. H. (Oxford): The laws of Babylonia (Les lois de Babylone). -— 1912, n. 1. ‘ 


Sehiaparelli, G: (Milano): I primordi dell’astronomia presso i Babilonesi (La naissance de l’astro- 
nomie chez les’ Babyloniens). - 1908, n. 2. 


— I progressi dell'astro onomia -presso i Babilonesi (Les progr és del’ astr' ‘onomie chez les Babyloniens). 
— 1908, -n. 3. 


oan V. (Roma): Li arbitrio del legislatore nella formazione del diritto positivo (L’arbitraire 
du législateur-dans la formation da droit positif), - 1910, n. 1. 


Seott, D. H..(London)> ~The evolution of plants. (L’évolution des plantes), - 1912, n.' 5. 


See, T. J. J. (Mare. Island, California - U.S. A.): The new science of cosmogony (La nanvells 
science de la cosmogonie). . ~ 1912, n. 1. 


— The law of nature in celestial evolution (La loi de nature dans V’évolution céleste). — 1914, n, 2. 


Seeliger, H. (Minchen): Ueber die Anwendung der Naturgesetze auf das Universum (Sur I'ap- 
pligation des lois de la nature & l'Univers). - 1909, n. 4. 


Semon, R.,(Minchen): Die physiologischen. Grundlagen der organischen Reproduktionsphaenomene 
(Les fondements physiologiques des phénoménes organiques de reproduction). - 1910, n. 2. 


Sergi, G. (Roma): Lacune nella scienza antropologica (Quelques lacunes dans la science anthro- 
pologique). - 1909, n: 3. 


Severi, F. (Padova): Upotesi eo realta nelle scienze geometriche (Hypothéses et réalité dans ‘les 
sciences géométriques). - 1910, n. 3. 


Sherrington, Ch: S. (Liverpool): The « rdle » of reflex inhibition (Le role de l’ inhibition réflexe). 
- 1911, n. 2. 


. ‘Simmel, G. (Berlin): Beitrage zur Philosophie der Geschichte (Quelijaes considérations sur Ja 
philosophie de VP histoire). - 1909, n. 4. 


Smoluchowski, M. (Lemberg): Anzahl und Grésse der Molekiile und Atome (Nombre et di- 
mensions des molécules et des atomes). — 1918, n. 1. 


Soddy, F. (Glasgow): The ‘parent of radium (Le pore du radium). - 1909, n. 2. 


_—. Transrfiutation, the vital problem of. the future (La transmutation, prolleare vital de l'avenir). 
— 1912, n..2. a 


— The periodic law from the standpoint of radioactivity (La loi des périodes envisagée au 
point de vue de la radioactivité), - 1918, n. 3. 


Solla, RB. (Pola): Die Pflanzenphysiologie in ihren Beziehungen zu den anderen Wissenschaften 
(La physiologie végétale et ses rapports avec les autres sciences). - 1907, n. 2. 


:., Sollas, W. J. (Oxford): The evolution of man (L’évolution de l'homme). - 1911, n. 1. 


Sombart, W. (Bresiax): Die Entstehung der Stidte im Mittelalter (L'origine des villes an 
moyen age). — 1907, n. 3. 

— Judaismus und Kapitalismus (Judaisme et capitalisme). — 1912, n. 8. 

— Liebe, Luxus und Kapitalismus (Amour, luxe et capitalisme). - 1914, n. 2 


Sommerfeldt, E. ( 7ibingen): Grundlagen der theoretischen Keiitallnghapiite (Les. bases de la 
cristallographie théorique). — 1907, n. 3. 


_Suali, L. (Pavia): Esiste una filologia indiana? (Existe-t-i il une philologie indienne ?) - 1911, n.4 


Suess, F. E. (Wien): Moderne Theorien der Erdbeben und Vulkane (Les théories modernes sur- 
les tremblements de terre et les volcans). - 1909, n. 3 ef 4. 


Supino, C. (Pavia): Il carattere delle leggi SOOO OTICHTS (Le caractére des lois économiques), - 
1907, n. 1. 


‘Tannery, J. (Paris): Questions pédagogiques: L’énseignement secondaire. - 1907, n. 1. 
Thomson, A. (Aberdeen): What determines sex? (Qu’est-ce qui détermine le sexe ?). - 1912, n. 8. 
— Sex-characters (Les caractéres sexuels). - 1914, un. 3. 


Turner, H. H. (Oxford): The periodicities of Syn- Spots (La périodicite i taches solaires). .. 
~ 1914, n. 1. 


Uexktll, J. v. (Heidelberg): Die neuen Fragen in der axpeciinoatelln Biologie (Nouvelles ques- 
tions de la biologie expérimentale). - 1908, n. 3. 


Vaeea, G. (Roma): Lascienza nell’Estremo Oriente (La science dans l’Extréme-Orient). ~ 1912, n. 2. - 


Volterra, V. (Roma): Il momento scientifico presente. e la nuova Societa italiana per il pro- 
gresso delle scienze (Le moment scientifique présént et la nouvelle Société italienne pour 
Vavancement des sciences). — 1907, n. 4. 


Walden, L. (Higa): Ueber das Wesen des Lésungsvorganges und die Rolle des Mediims (Sur 
la nature du processus de solution et le réle du solvant). - 1907, n.4. ~ 


Wallerant, F. (Paris): Les liquides cristallisés. - 1907, n. 2. 


Westermarek, E. (Helsingfors): The origin of religious celibacy (Lés origines du célibat religieux). 
- 1907, n. 4. 


White, W. H. (London): ‘The ‘place of mathematics in engineering practice ‘(La place des ma- 
thématiques dans la pratique du génie). - 1912, n. 6. 


Wiesner, J. (Wien): Der Lichtbedarf der Pflanze (La quantité de lumiere nécessaire & la plante). 
~- 1907, n. 4. * 


Xénopol, A. D. (Jassy): L’idée de loi scientifique et l'histoire. - 1912, n. 6. 
Zeeman, P. (Amsterdam): L'origine des couleurs du spectre, - 1909, n. 1. 


Zeuthen, G. H. (Kopenhagen): Quelques traits de la propagation de la science de génération on 
génération. - 1909, n. 1. 


Ziegler, H. E. (Jena): Die natiirliche Zuchtwahl (La sélection naturelle). - 1907, n. 1. 


Ziehen, H. (Frankfurt u. M.): Die Kultur der Gegenwart (La culture intellectuelle de notre 
temps). - 1910, n. 1. 


ra 


“SCIENTIA ,, publie aussi des NOTES CRITIQUES sur des sujets 
d’actualité; des COMPTES-RENDUS sur tous les ouvrages d’intérét gé- 
néral récemment parus; des REVUES GENERALES d’Astronomie, de 
Physique, Chimie, Biologie, Physiologie, Psychologie, Economie et Socio- 


logie; des. ANALYSES des articles les plus importants qui paraissent sur 
les principaux périodiques du monde; et enfin une CHRONIQUE (Congrés 
et Réunions - Nouvelles diverses) se tenant au courant de tous les événe- 


ments de haute importance scientifique. 


ae 


— Sommaires des numéros parus en 1915 (9° année) 


_ Premiére Livraison — Janvier. 
A.C. D. Crommelin - Lhe capture theory of satellites. — EB. Rignano - Le forime superiori del 
ragionamento. Parte 14: 1l ragionamento matematico nelle sue fast del simbolismo di- 
retto e indiretto. ‘ 
LA DIRECTION - L’enqucte de « Scientia» sur la guerre. —L. Lévy-Bruhl - Les cayses éco- _ 
nomiques A ae de la conflagration enropéenne. — W. J. Ashley - The economical ~ 
side of the European conflagration. — W. Wuandt - Dewtschland im Lichte des neutralen 
und des feindlichen Ayslandes. : 


: Deuxiéme Livraison — Février. ; 
J. Costantin - Les lois de Uhybridation et Vaction du milieu. — EB. Rignano - Le forme su- 
perioré, del ragionamento. Parte Ila: Il ragionamento matematico nelle sue fasi di 
condensazione ed inversione simbolica. F . 
A. Landry - Les origines, les causes, leslendemains dela guerre actuelle. — 0. Lodge - The war. 
from a british point of view. — &. von Below - Militarismus und Kultur in Deutschland. 


Troisiéme Livraison — Mars. : 
F.Frech - Die Salzseen Anatoliens und ihre Bedeutung fir das Problem der Entstehung 
der Salzstécke der Erdrinde. — ¥. Rignano - Le forme superiori del ragionamento. 
Parte III@: Matematiche e logica imatematica. 
V. Pareto - La guerra e% suoi principali fattori sociologici. — W. J. Collins - The Aetiology | 
of the European Conflagration. — E. Meyer - Englands Krieg gegen Deutschland und 
die Probleme der Zukunft. : é ‘ 


Quatriéme Livraison — Avril. at 
A. Mieli - La posizione di Lavoisier nella storia della chimica. — J. W. Gregory - The reported. 
progressive desiccation of the Earth. : ’ : 
N. Kostyleff - Les factewrs psychologiques de la guerre actuelle. —_L.M. Hartmann - Ueber 
die Ursachen des Weltkrieges. — Lujo Brentano - Die letzte Ursachen des gegenwar- 
tigen Krieges. . 


; Cinquiéme Livraison — Mai. 

M. P. Rudzki - Les théories les plus récentes sur Vorigine des continents. — EH. Carnevale 
Democrazia e giustizia penale. Parte Ie: Democrazia e attitudine mentale al gindizio.. 

P. Vinogradoff - The causes of the War. — J. Andrassy - Weltkrieg und Weltfreihett. — 
W. L. de Jaworski - La guerre actuelle au point de vue de la question polonaise. 


Sixiéme et Septiéme Livraison — Juin-Juillet. 
G. Bohn - [dées nouvelles. sir Vadaptation et l’évolution. Iére Partie: Les désharmonies des 
étres vivants. ot ; ae 
L. Havet - D’une guerre a Vautre. — J. H. Rose- The war and-nationality. — EB. Rignano 
L fattori della guerra ed il problenia della pace, : - 


Wuitiéme Livraison — Aout. ; 

G. Bohn - Idées nouvelles sur Vadintation et lV’évolution, [[éme Partie: Conception physico- 
chimique de l'évolution. — E. Carnevale - Democrazia e giustizia penale. Parte IIa: De- 
mocrazia, garanzie processuali, e metodi della lotta giudiziaria. 

W. J. Ashley - The economic conversion of England. — Ch. Guignebert L’Eglise romaine 
dans le conflit ewropéen. ’ : 


_ Neuviéme Livraison — Septembre. 
-G. Peano - Importanza det siinboli in matematica. — The. Svedberg - Structure et forines des 
molécules. — BE. H. Starling - The animal machine and its automatic regulation. ~ 
A. Meillet - Les langues et les nationalités. — R. Michels - Cittadinanza e nazionalita. 


Dixiéme Livraison — Octobre. 
A. Mieli - La scienza greca ¢ le caratteristiche del suo sviluppo. — P. Puiseux - L’avenir 
’ des planétes. — C. Loyd Morgan - Mind and body in their relations to each other and 
to external things. d 
R. Muir The antipathy between Germany and Eugland. 


Onziéme Livraison — Novembre. 
A.S. Eddington - The stellar universe as a dynamical systen. — Ch. Fabry - Les atomes 
lumineus et leurs mouvements. Iere Partie: Les mouvements des particules lumincuses. 
— M. Vallauri . La medicina indiana. : ; 
P. Bonfante - Verso la confederazione europea. . 


Douziéme Livraison — Décembre. . 

G. Loria - L’infinito e l’infinitesimo secondo 4 matematici dell’antichitd. — Ch. Fabry - Les 
atomes lumineux et leurs mouvements. [léme Partie: La constitution. de Uatome luwmni- 
neux, — W.H. Bragg - The new crystallography. ' _ of ne 

R. Muir - The problems of the future peace. — P. Fedozzi Gli insegnamenti della guerra 
circa il trattamento degli stranieri. 3 


\ 


Sdiflihdires des numéros parus en 1916 ({0** année) 


‘Premiére Livraison - (N. XKL,W) - (Janvier 1916) | 
G. Loria - L’infinito e Vinfinitesimo secondo + matematici moderni anterior al secolo XVII. 
— P. Lowell - The atiosphere of Mars. — H. De Vries - L’évolution des étres organisés, 
par sauts brusques,. * g : 
A. Graziani - Le future conseguenze economiche della guerra. — A. Weiss - Le droit inter« 
~ national @hier et de demain. 7 ‘ 


Comptes rendus Revue des Revues - Chronique, 


Deuxieme Livraison - (N. XE,/WI) - (Février 1916) 
Th. Moreux - Les « Nove» et la constitution de lunivers. — ¥. Bottazzi - Le attivitd fisiv- 
logiche fondamentali. Secondo Articolo: L’attivita muscolare. — A. S. D. Maunder - 
Iranian Migrations before History. : : ne 
Ch. Gide - Les dépenses de la guerre et leurs conséquences économiques. — A. Loria - /?i- 
flessioni e prerisioni a proposito della guerra. : 2 


Comptes rendus - Revue des Revues. 


Troisieéme Livraison - (N. KIL,/WIK) - (Mars 1916) 
C. G. Abbot - The Nature of the Sun. — E. Bouty - La théorie cinétique des gaz. Ire Partie: 
Ses fondements.— L. Matruchot - Le probléme du cancer éclairé par la pathologie végétale. 
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On n’a, jusqu’a présent, découvert qu’un seul groupe d’or- 
ganismes qui révélent dans toute leur richesse les phénoménes 
de Vhérédité et de Vhybridation. Presque tous les autres grou- 
pes sont constants et uniformes, en ce qui concerne l’hérédité, 
et suivent dans leurs croisements la loi de Mendel. Seule, la 
primevére du soir se comporte différemment dans différents 
cas, aussi bien aprés l’auto-fécondation pure qu’apres le croi- 
sement. Ici, le groupe des phénoménes est tellement vaste 
qu’on n’a pas encore réussi 4 découvrir le principe fondamental 
qui les rattache les uns aux autres. L’hypothése de condi- 
tions diverses pour chacun des facteurs de Vhérédité et de leurs 
combinaisons en groupes plus ou moins grands indique la 
voie dans laquelle on pourra probablement trouver une solu- 
tion, mais nous ne possédons pas encore, quant 4 présent, de 
principe susceptible d’expliquer tous les phénoménes dont il 
s’agit, sans l’aide d’hypothéses auxiliaires. 

Ailleurs, la loi de Mendel présente le grand avantage de 
nous fournir un principe de ce genre et de pouvoir étre ap- 
pliquée aux nombreux cas empruntés 4-des groupes d’orga- 
nismes le plus divergents.,; Des groupes de plantes ou d’ani- 
maux, reproduisant les phénoménes des primevéres du soir, 
doivent encore étre cherchés au moyen d’épreuves nombreuses. 
et répétées. Le principal résultat obtenu jusqu’a présent dans 
cette nouvelle branche de recherches a été la découverte que 
les types @hérédité qu’on croyait autrefois constituer une 
caractéristique exclusive de l’ Znothera Lamarckiana, ont été 
reconnus comme étant communs a plus d’une demi-douzaine 
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d’espéces. Ce nouveau champ ne tardera sans doute pas 4 
subir de nouvelles extensions. 

En plus de la forme ordinaire de ’hérédité, nous devons 
distinguer les espéces hétérogamiques, les races dimorphiques 
et les mutations. Chez les premiéres, ’hérédité de certains 
caractéres est limitée par le sexe, tels caractéres étant trans- 
mis par les ovules seulement, tels autres uniquement par le 
pollen. Les races dimorphiques, dans la mesure oi elles ont 
été étudiées sous ce rapport, se scindent dans chaque géné- 
ration en deux types, dont lun demeure constant, tandis que 
Vautre répéte la division. Les mutations marquent le com- 
mencement de nouvelles espéces et de nouvelles variétés; elles 
peuvent étre produites par des types hétérogamiques et di- 
morphiques aussi bien que par les espéces. ordinaires. 

Les hybridations, chez les primevéres du soir, compren- 
nent en premier lieu, ainsi qu’on pouvait s’y attendre, les cas 
explicables 4 V’aide de la loi de Mendel. Mais ces cas sem- 
blent étre rares parmi elles. Les hybrides constants sont plus 
typiques pour ce groupe, soit purs, soit aA Vétat de combi- 
naison avec l’un ou l’autre des types suivants. On a égale- 
ment rencontré des exemples de scission unilatérale, différant 
largement des formules symétriques de Mendel. }Mais les cas 
les plus intéressants sont ceux ot l’on voit la division se pro- 
duire dans la premiére génération et ot, par conséquent, les 
changements visibles sont dis 4 une cause autre que la conju- 
gaison pure et simple de leurs porteurs matériels, admise dans 
les croisements mendéliens. Ce groupe de phénoménes se com- 
pose de deux principaux types: ou bien les produits de la 
division répétent simplement les caractéres des deux parents, 
comme dans les croisements amphiclines, ou les deux types 
hybrides sont, ’un et Vautre, plus ou moins nettement inter- 
médiaires entre leurs parents. Ces derniers hybrides sont ap- 
pelés jumeaux. , 

En outre, on rencontre d’autres types Whérédité et d’hy- 
bridation, mais ils sont encore trop rares et trop imparfaite- 
ment étudiés pour que nous nous en occupions dans cet article. 

Afin @élucider plus complétement les principaux types, 
il est nécessaire d’entrer dans les détails et de nommer quel- 
ques exemples. Sous ce rapport, la voie la plus facile qui 
s’offre 4 nous consiste 4 commencer par Vhybridation et a 
choisir en premier lieu les cas de croisements mendéliens. Leur 
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principe peut étre exprimé dans des termes trés simples. Les 
unités fournies par les deux parents n’exercent aucune in- 
fluence ’une sur Vautre dans l’acte du croisement, mais sont 
séparées plus tard dans les cellules germinales de la descen- 
dance. Cette séparation a lieu dans la production aussi bien 
des éléments males que des éléments femelles, et la recombi- 
naison des unités dans Vacte de fécondation consécutif suit 
la loi de probabilité. C’est en partant de ce principe que 
Mendel a calculé ses formules, et on a trouvé qu’elles s’ap- 
pliquent 4 d’innombrables cas, en dehors de ceux qu’il avait 
étudiés lui-méme. 

Comme exemples d’hybrides mendéliens parmi les Oeno- 
thera, on peut citer les croisements d’O. brevistylis et ceux 
a0. gigas nanella. Lun et Vautre suivent la régle des mo- 
nohybrides, qui est la forme la plus simple du mendélisme, 
un seul caractére différentiel se trouvant alors impliqué. Chez 
VO. brevistylis la marque doit étre cherchée dans le style qui 
est tellement court quwil dépasse. a peine le tube du -calice. 
L’ovaire est allongé et pénétre dans la base du style, ce qui 
rend la fécondation extrémement difficile. En croisant cette 
forme avec son parent, 0. Lamarckiana, nous obtenons une 
premiére génération hybride uniforme, dont les membres ne 
différent pas sensiblement de l’O. Lamarckiana lui-méme. Nous 
voyons ainsi que le caractére du style court est récessif par 
rapport 4 celui du style long. Aprés V’auto-fécondation de 
ces hybrides, la deuxiéme génération embrasse les trois types 
exigés par la formule de Mendel, & savoir des plantes 4 style 
long et d’autres 4 style court, dont la descendance sera cons- 
tante, et des individus a style long qui reproduiront la division 
dang leur descendance. La’ méme régle s’applique 4 l’0. gigas 
nanella, quand celui-ci est croisé avec 1’0. gigas, les nains agis- 
sant comme type récessif. 

Il convient de faire remarquer qu’en plus de leur basse 
stature, les nains différent du grand O. gigas par un autre 
earactére. Nous voulons parler de leur sensibilité aux attaques 
de certains microorganismes du sol qui ordinairement les ren- 
dent malades, dans une certaine mesure du moins. Mais, dans 
le croisement, les deux caractéres se comportent comme une 
unité, et on peut faire la méme remarque au sujet des carac- 
téres secondaires de I’O. brevistylis, qui est souvent reconnu 4 
ses feuilles arrondies, longtemps avant l’époque de la floraison. 
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La division unilatérale est rare, méme parimi les prime- 
véres du soir. L’exemple le mieux connu de cette division 
est donné par le croisement entre l’espéce californienne 0. Hoo- 
keri et la forme européenne O. biennis. La premiére généra- 
tion est uniforme et intermédiaire entre les parents. La deu- 
xiéme se divise en deux types dont l’un reproduit les marques 
de la premiére génération et répéte la scission au cours des 
années suivantes. \L’autre type ressemble par son port au 
Hookeri, et n’en différe que par quelques marques tout a fait. 
secondaires. Il est constant dans sa progéniture. L/’arbre gé- 
néalogique donnerait l’impression d’une généalogie mendé- 
lienne dont un type, qui aurait di étre le biennis, manquerait. 
Les deux espéces parentales différent sous plusieurs rapports, 
quant a la grandeur de leurs fleurs, 4 la longueur de leur 
style, 4 la couleur et 4 la largeur de leurs feuilles, 4 la quantité 
de leurs poils, 4 la forme des fruits et des graines, etc. Mais, 
malgré cette grande diversité, elles ne produisent que deux 
types @hybrides. 

Les hybrides constants sont sujets a étre masqués par des 
caractéres mendéliens. Toutes les fois que certains signes se 
confondent, alors qu’un’ ou deux autres présentent la sépara- 
tion selon la loi bien connue, ’hybride est considéré comme 


» suivant cette loi et le fait, pourtant si intéressant, des signes 


confondus est négligé. Ici, la pauvreté des Ginothéres en carac- 
téres mendéliens constitue un avantage appréciable, puisqu’elle 
laisse pur Vhybridé constant. 0. Cockerelli, du Colorado, O. 
strigosa, du Pare Yellowstone, et O. Hookeri, déja mentionné, 
donnent des hybrides constants 4 la suite de chaque croisement 
opéré entre eux. Opérées inversement ou réciproquement, les 
combinaisons fournissent les mémes formes. Toutes sont in- 
termédiaires entre leurs parents et constantes aprés auto-fé- 
condation. 

La constance est souvent associée 4 d’autres types d’hy- 
bridisme, la descendance de croisements entre espéces hétéro- 
gamiques, d’hybrides amphiclines et d’hybrides jumeaux étant 
en général uniforme 4 travers toutes les générations succes- 
sives. Mais nous nous occuperons de ces cas plus loin. 

Des hybrides constants intermédiaires ont été produits 
également dans d’autres genres, comme, par exemple, parmi 
les Anémones par M. Janczewski. I] sont probablement trés 
répandus dans la nature. On admet généralement que dans 
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les groupes polymorphes un nombre plus ou moins considé- 
rable d’espéces et d’espéces élémentaires peut avoir été pro- 
duit par Ventrecroisement de celles qui sont nées par mu- 
tation. $x 

Nous arrivons maintenant aux groupes de croisements 
dont la premiére génération est double, c’est-d-dire se com- 
pose de deux types différents. Ici les facteurs différentiels 
doivent exercer une influence l’un sur l’autre pendant l’acte 
de la copulation, avec ce résultat qwune partie de la descen- 
dance se trouve rejetée d’un Coté, et Vautre partie de l’autre 
cété de la combinaison attendue. Dans les cas simples, une 
partie ressemble au pére, autre 4 la mére./ C’est pourquoi 
on appelle ces hybrides amphiclines. Dans des cas plus com- 
plexes les deux types seront intermédiaires, mais certains si- 
gnés d’un des parents seront plus fortement prononcés dans 
un groupe, tandis que l’autre groupe penchera de l’autre cété. 
Les deux types d’une pareille génération hybride sont appelés. 
jumeaux. Dans les deux cas, les proportions numériques des 
deux groupes antagonistes dépendent des conditions de cul- 
ture des parents du croisement. Dans les conditions ordinaires 
de culture soignée, les deux groupes tendent & l’égalité nu- 
mérique, mais dés que les conditions deviennent moins favora- 
bles ou mal appropriées, ’'un des types ’emportera sur l’autre. 
D’autre part, cette derniére forme apparaitra en excés, dés 
que les conditions ambiantes deviendront trés favorables. Ces 
influences peuvent se manifester jusqu’a la disparition 4 peu 
prés compléte de lun ou l’autre des jumeaux. Les rapports 
mendéliens dépendent, on le sait, de la loi de probabilité et 
différent par conséquent clairement de la régle applicable aux 
amphiclines et aux hybrides jumeaux. 

Comme exemple d’hybrides amphiclines, je choisis le croi- 
sement entre 0. Lamarckiana et son nain O. nanella. 1 n’en 
résulte pas de forme intermédiaire et la seconde génération 
ne montre pas de division. Mais dans la premiére quelques- 
uns des hybrides ressemblent au parent 4 grande taille, tandis 
que d’autres ressemblent aux nains. .Aprés auto-fécondation 
les deux types fournissent des races constantes, ne déviant en 
rien de leurs grands-parents. Lorsque le parent Lamarckiana 
est cultivé comme une plante annuelle, sans précautions spé- 
ciales, et lorsque les nains sont sujets 4 la maladie bactérienne, 
que nous avons mentionnée en parlant de VO. gigas nanella, 
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la proportion de nains parmi les hybrides est petite, variant 
entre 1°, et 50°%/,, avec une moyenne d’environ 22%. Mais 
lorsque nous choisissons des plantes bisannuelles du Lamar- 
ckiana et trés vigoureuses, ou lorsque nous transplantons les 
annuelles avec toutes les précautions possibles en vue du plein 
et rapide développement de leurs racines et que nous pre- 
nions enfin le pollen de nains sains, cette proportion peut aug- 
menter au point de faire pencher la balance en faveur de ce 
dernier type. On peut, en procédant ainsi, s’attendre 4 plus 
de 60°, de nains, et dans quelques cas méme 4 90% et da- 
vantage. 

Il est intéressant de comparer le croisement de 1’O. La- 
marckiana avec ses nains & celui de 1’O. gigas avec le nain de 
cette forme. Dans la premiére combinaison, les deux parents 
ont dans leurs noyaux le nombre ordinaire de chromosomes, 
& savoir quatorze. Dans lautre, les chromosomes des deux 
parents ont été doublés dans l’acte original de la mutation. 
Ils sont au nombre de 28 dans chaque noyau. On voit ainsi 
que le croisement entre parents 4 noyaux normaux donne une 
séparation dans la premiére génération, tandis qu’un croise- 
ment analogue entre parents 4 noyaux doublés suit la loi de 
Mendel. II est difficile de dire s’il existe un rapport causal 
entre ces phénoménes. 

Les hybrides jumeaux se rencontrent couramment, toutes 
les fois que 0. Lamarckiana est croisé avec d’autres espéces. 
Tis ont été, en outre, étudiés d’une fagon approfondie. Des 
jumeaux analogues sont produits, 4 la suite de croisements 
correspondants, par une autre espéce, |’O. grandiflora, de ) Ala- 
bama.- Ils ont été observés dans les cultures de M. Davis et 
dans celles faites 4 Amsterdam, mais aucune description dé- 
taillée n’en a encore été publiée. Ils nous avertissent cepen- 
dant que toute explication proposée pour ce phénoméne doit 
pouvoir s’appliquer aux deux cas. 

Les jumeaux différent selon le choix de l’autre parent. 
Dans certaines combinaisons ils portent les noms de Leta et 
Velutina, dans d’autres ceux de Densa et de Laza. La divi- 
sion se produit lorsque 0. Lamarckiana ou V0. grandiflora 
sont employés comme parents fournissant la graine, aussi bien 
que lorsqwils fournissent le pollen pour le croisement. Sou- 
vent les combinaisons donnent les mémes jumeaux dans les 
deux croisements réciproques et aucune différence n’est ob- 
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servée entre les deux cas. Nous en concluons que les deux 
sexes sont également susceptibles de division; mais, malgré 
cela, les deux hybrides sont constants aprés ’auto-fécondation. 
lest done évident que la division est due 4 des causes autres 
que celles agissant dans les croisements mendéliens. 

Les jumeaux les plus beaux et les plus typiques sont pro- 
duits par le croisement de l’O. muricata par 0. Lamarckiana. 
Les Leta sont trés vigoureux et hauts, pourvus de feuilles 
tendres et de rares poils, d’épaisses racémes et de petits fruits. 
Les Velutina sont relativement faibles et bas, avec de longs 
entrenouds dans les épis, des feuilles étroites de couleur 
grise, avec un limbe courbé longitudinalement. Leurs fruits 
sont en forme de massue et épais, mais leurs graines sont 
souvent insuffisamment développées. Cultivés en groupes de 

tix spécimens ou davantage, les jumeaux constituent des types 
aux contrastes trés accentués. ade: otis, — he 

Aprés la considération des hybrides, nous en_yenons a 
considérer le comportement des races auto-fécondées, d’origine 
pure. Cette origine peut avoir été perdue dans le passé, 
comme chez les espéces sauvages, ou observée dans le jardin, 
comme dans le cas des mutations. _Dans un cas comme dans 
Yautre il existe un type spécial qui mérite détre traité ici 
d’une. fagon aoe rainy 

Ce sont bord les espéces hétérogamiques. Considérées 
au point de vue morphologique, elles semblent ne différer sous 
aucun rapport de l’image ordinaire d’une bonne espéce sau- 
vage, et au point de vue physiologique elles sont aussi fidéles 
& leur type et aussi uniformes que possible. Dans la nature, il 
est impossible de les distinguer des espéces ordinaires.’Malgré 
cela, on trouve qu’elles constituent un groupe propre, das quwon 
aborde l’étude de leurs bybrides. Ceux-ci différent du tout au 
tout, selon qu’une des espéces en question est employée comme 
parent fournisseur de la graine ou qu’elle entre dans la com- 
binaison a titre de porteur du pollen. En d’autres termes, les 
espéces hétérogamiques donnent des hybrides réciproques dif- 
férents, aussi bien quand elles subissent les croisements réci- 
proques entre elles, que lorsquw’elles sont unies & des espéces 
normales. Prenons, 4 titre d’exemple, les deux types euro- 
péens les plus communs. 0. muricata croisé par biennis donne 
un hybride vigoureux, 4 feuillage épais, avec une tige ferme 
et un épis riche en fleurs. 0. biennis, fécondé par 0. mu- 
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ricata, donne, au contraire, un hybride fréle, avec une tige 
penchée & son extrémité, un feuillage lache, de couleur pale, 
et un épis allongé sur lequel on ne voit s’ouvrir tous les soirs 
que d’une 4 trois fleurs. Nous pouvons en conclure que les 
cellules sexuelles femelles transmettent 4 leur descendance 
@autres caractéres que ceux transmis partes éléments males. 

Nous pouvons faire un pas de plus ef dire que certains 
facteurs héréditaires présentent une limitation sexuelle, en ce 
sens quils sont transmis par l’intermédiaire d’un seul sexe, et 
non par celui de l’autre. Ceci nous améne aux expériences 
sur les croisements réciproques doubles. Lorsqu’une espéce 
hétérogamique est employée dans deux croisements successifs, 
une fois comme pére et l’autre fois a titre de mére, aucun de 
ses caractéres hétérogamiques ne peut atteindre la descen- 
dance, chaque groupe se perdant au cours de l’une ou de 
Vautre des deux phases. Les deux phases réunies constituent 
le croisement réciproque | double. Dans notre exemple, cette 
combinaison serait fournie par 0. (biennis < muricata) < O. 
(muricata x< biennis), qui donnerait un O. biennis, parce que le 
muricata ne saurait passer successivement par les conditions 
de pére et de mére. _Inversement, O. (muricata >< biennis) < O. 
(biennis < muricata) fournit O. muricata. 

Ce curieux résultat des croisements réciproques doubles 
peut étre combiné expérimentalement 4 V’hérédité des carac- 
téres non-hétérogamiques des mémes espéces. Tel est le cas, 
par exemple, dans la combinaison de 1’ 0. biennis avec une espéce 
4 pétales linéaires, connue sous le nom d’0. cruciata. La double 
combinaison 0. (biennis < cruciata) < O. (cruciata < biennis) 
perdra les caractéres hétérogamiques d’une de ces espéces, )’ 0. 
cruciata, pour retourner purement et simplement, sous ce rap- 
port, 4 l’autre espéce, 10. biennis. Mais les fleurs suivent 
d’autres lois et les pétales linéaires peuvent en conséquence 
réapparaitre chez l’hybride qui se présente alors comme étant 
un O. biennis sous tous les rapports, sauf ses pétales qui seront 
linéaires. I] est 4 noter que la méme forme est née par mu- 
tation de )’O. biennis pur, et nous avons 14 un exemple de la 
répétition expérimentale de J’origine d’un type pur au moyen, 
du croisement. 

Les races dimorphiques forment, au point de vue des ef- 
fets de l’auto-fécondation, un type absolument différent. Elles 
se divisent, dans chaque génération, en deux formes, dont |’une 
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répéte la division, et l'autre non. Dans la nature la forme 
soumise 4 la division serait bientét dépassée par la forme 
constante, le pourcentage de ses individus dans une population 
donnéé' devant décroitre rapidement tous les ans. Aussi, de 
telles formes dimorphiques ne sont pas connues & l’état sau- 
vage. Dans un jardin cependant elles peuvent étre préservées 
indéfiniment, tout simplement en sélectionnant tous les ans 
le type soumis a la division. Nombre de races dimorphiques 
sont nées a titre de mutations de lO. Lamarckiana et d’une 
espéce affine, le meilleur exemple connu de ce genre étant 
celui de V0. scintillans. ett race mutante a des feuilles 
luisantes et minces de couleur foncée, mais elle est faible et 
gréle en comparaison avec l’espéce parente. Aprés auto-fé- 
condation, elle fournit & chaque génération un nombre va- 
riable de plantes ayant le port et les caractéres de 1’0. La- 
marckiana. Ces plantes restent constantes dans leur progé- 
niture, tandis que les individus 4 feuilles luisantes répétent 
ja division. Comme dans d’autres cas, la proportion des deux 
groupes dépend dans une grande mesure des conditions de 
culture. 

Les mutations ont lieu, lorsque des espéces ou des va- 
riétés produisent de nouveaux types dans certains de leurs 
descendants. Le changement est brusque, sans qu’on observe 
des transitions et sans que des formes intermédiaires accom- 
pagnent lVacte. D’un autre cété, la méme mutation est géné- 
ralement plus ou moins souvent répétée par la méme forme 
parente, soit simultanément, lorsqu’elle apparait dans deux 
individus ou davantage, soit successivement, au cours des gé- 
nérations. Ceci indique une tendance a des changements dis- 
tincts, condition qu’on désigne ordinairement comme un état 
de mutabilité dans ces directions particuliéres. Plus d’une demi- 
- douzaine d’espéces sauvages, parmi les Ginothera, se trouvent 
dans cette condition, les unes étant plus riches, d’autres plus 
pauvres quant 4 cette production de nouveautés. La plus ri- 
che de toutes est lO. Lamarckiana qui a produit plusieurs 
douzaines de types nouveaux, dont quelques-uns sont assez fré- 
quents, d’autres rares, d’autres encore insuffisamment connus,. 
ou attendant leur description. 

Certaines mutations produisent les mémes changements 
chez des espéces différentes et sont pour cette raison nom- 
mées paralléles. Le doublement du nombre de chromosomes 
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a 6t6 observé dans 0. Lamarckiana, 0. stenomeres et d’au- 
tres; des nains ont été produits par les deux espéces que nous 
venons de nommer et par 1’0. biennis, et ainsi de suite. Ceci 
indique probablement une origine commune de l’état de mu- 
tabilité qui est la cause de ces phénoménes, et si cela est vrai, 
il doit s’agir évidemment d’une condition trés ancienne. 

Les mutations marquent le commencement de nouvelles 
variétés, races et espéces et il est admis que celles des Gino- 
théeras suivent les mémes lois que les changements a l’aide 
desquels s’est développée, aux époques géologiques, la généa- 
logie des régnes végétal et animal. Quelques-unes d’entre 
elles sont progressives, produisant des caractéres qui auparavant 
nont pas été observés dans le groupe, mais la plupart sont 
de nature régressive, se manifestant par Ja disparition de quelque 
signe spécial. Le doublement des chromosomes, qui accompa- 
gne la stature de 1’0. gigas, est considéré comme appartenant 
au groupe progressif; tandis que le nanisme est dfii évidem- 
ment a la perte d’un des facteurs de Ja stature ordinairement 
élevée. 

L’étude de Vorigine des mutations des Ginothera nous a 
procuré un ensemble rapidement croissant de faits pouvant 
servir & la discussion de l’origine des espéces en général.! Elle 
a, en outre, éveillé un vif intérét pour le traitement expéri- 
mental de cette question importante entre toutes. 


Amsterdam, Hortus Botanicus. 


1 L’évolution des étres organisés, par sauts brusques, « Scientia », N. XLV, 
janvier 1916, p. 28. 
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|. Hugo de Vries: Uber die Abhangigkeit der Mutations- 
Koeffizienten von auBeren Einfliissen. 
(Hingegangen am 14. Januar 1916.) 


Das Studium der numerischen Verhiltnisse, in denen die ver- 
schiedenen Arten von Oenothera neue Formen hervorbringen, wird 
teilweise durch die geringen Prozentsitze und teilweise durch die 
Mannigfaltigkeit der begleitenden Erscheinungen erschwert. Be- 
kanntlich weisen die Oenotheren einen viel ausgedehnteren Kreis 
von Bastardierungsvorgingen auf, als die meisten Kulturpflanzen, 
Haustiere und Insekten. Die MENDELschen Gesetze, welche in so 
vielen Fallen anscheinend ausschlieBlich herrschen, treten hier in 
den Hintergrund. Die Bastarde der einzelnen Arten sind hier in 
der Regel intermediair zwischen ihren Eltern und sofort konstant, 
ohne Spaltungen. In einigen Fallen sind sie einférmig, in anderen 
sind die reziproken Bastarde einander ungleich, oder es treten 
Awillinge auf, welche beide, obgleich deutlich verschieden, in ihren 
Higenschaften zwischen den Eltern stehen. Bisweilen sind die 
Bastarde amphiklin!), indem sie zwei Gruppen bilden, deren eine 
dem Vater und deren andere der Mutter duferlich gleicht. 

Die Beziehungen der Mutationsvorgiinge zu diesen Bastar- 
dierungserscheinungen wurden bisher vielfach verkannt. Sie treten 
am klarsten dort hervor, wo die letzteren am einfachsten sind. 
Wenn die Erfolge der Kreuzungen sich dem MENDELschen Gesetze 
in dessen einfachster Form fiigen, kann iiber die gegenseitige Un- 
abhingigkeit der Mutationen und der Kreuzungen tiberhaupt kein 
Zweifel bestehen. Ich wihle als Beispiel die Entstehung von 
Awergen aus Oenothera gigas*). Seit dem ersten Jahre des Be- 
stehens dieser Form bringt sie in jeder Generation etwa 1 bis 
2 pCt. Zwerge durch Mutation hervor. Kreuzt man diese mit der 


1) Uber amphikline Bastarde. Ber. d. d. bot. Ges, Bd. XXXIIL, S. 461, 191. 
2) Oenothera gigas nanella, a Mendelian Mutant. Botanical Gazette. Bd. LX, 
Nov. 1915, S. 3837—345. 
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Mutterart, so gelten die einfachen MENDELschen Regeln fiir mono- 
hybride Verbindungen, und die Prozentsatze, in denen sie aus 
Bastarden hervorgehen kinnen, sind somit griindlich bekannt, 
weichen aber von den erwihnten Mutations-Koeffizienten in auf 
fallender Weise ab. ; 

Nimmt man an, daf die Mutationen vor der Befruchtung 
stattfinden, so mtissen bei der, Befruchtung bisweilen zwei mutierte 
Sexualzellen zusammentreffen, dfter aber werden mutierte Zellen 
mit unveranderten kopulieren miissen. Die ersteren Verbindungen 
liefern in unserem Beispiel die Gigas-Zwerge, die letzteren 
aber Hybrid-Mutanten, deren Nachkommenschaft sich nach der 
MENDELschen Regel spaltet. Solche Bastard-Mutanten oder halbe 
Mutanten sind in den reinen Linien von O. gigas keineswegs selten ; 
sie kénnen aber nur aus ihrer Nachkommenschaft erkannt werden. 
Sie sind von SCHOUTEN, GATES und mir selbst mehrfach gefunden 
worden. Zu der Fortsetzung meiner reinen Linie von O. gigas 
habe ich sie selbstversténdlich niemals benutzt und in dem Haupt- 
stamme dieser Kultur sind latente Zwergkreuzungen somit nicht 
vorgekommen. Die Zwerge, welche durch Mutation entstehen, 
haben deshalb nachweislich unter ihren Vorfahren, riickwarts bis 
zum Anfang des ganzen Gigas-Stammbaumes in 1895, keine Kreu- 
azungen gehabt. Sie kiénnen somit auch aus diesem Grunde nicht 
als Folgen solcher hypothetischen Vorginge betrachtet werden. 

Sind somit die Mutationen Erscheinungen eigener Natur, so 
erscheint die Frage nach ihrer Abhiangigkeit von auf eren LHinfliissen 
als eine berechtigte. Dabei sind aber die einzelnen Stadien des 
Prozesses auseinander zu halten. Ich bezeichne sie, mit Bezug 
auf den vorliegenden Fall, als Primutation, als eigentliche oder 
synaptische Mutation und als die Kopulation der mutierten Sexual- 
zellen. Die Praémutation ist der Anfang des mutabelen Zustandes 
fiir jedes einzelne in diesem Zustande befindliche Merkmal. Sie 
ist bei den Oenotheren, wenigstens fiir die bis jetzt untersuchten 
Mutationen, ein historischer Vorgang, der sich als solcher unserem 
experimentellen Studium entzieht. Sie ist fir die parallelen 
Mutationen wohl Alter als die Arten selbst. Das Vermégen, Zwerge 
hervorzubringen, verdanken O. biennis und O. Lamarckiana vermutlich 
ihren gemeinschaftlichen Vorfahren, das Mutieren in O. gigas haben 
diese beiden Arten mit O, stenomeres Bartl. und O, pratincola Bartl. 
gemein. 

Die Vorginge bei der Kopulation mutierter Sexualzellen 
uiissen offenbar denselben Gesetzen folgen, wie die kiinstlichen 
Kreuzungen der mutierten Rassen. Sie lassen sich somit aus den 

1* 
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Erfolgen dieser Versuche berechnen, Diese aber hingen nach- 
weislich von auferen Einfliissen ab. Im Falle der amphiklinen 
Bastarde zwischen O. Lamarckiana und ihrem Zwerge wechselt das 
numerische Verhiltnis der beiden Typen zwischen fast 0 und fast 
100 pCt.; in anderen Beispielen wechselt es in &hnlicher Weise, 
wenn auch innerhalb engerer Grenzen. Wenden wir dieses auf den 
betreffenden Mutationsvorgang an. Ist eine Eizelle von O. Lamarckiana 
in O. nanella mutiert worden, und wird sie von einem normalen Pollen- 
kern befruchtet, so kann der betreffende Keim je nach Umstinden 
zu einer hohen Lamarckiana-Pflanze oder zu einem Zwerge empor- 
wachsen. Die Aussicht, Zwerg zu werden, wird aber um so gréBer 
sein miissen, je giinstiger die Kulturbedingungen der elterlichen 
Pflanzen sind.1) Oder mit anderen Worten, es werden die 
Mutations-Koeffizienten aus diesem Grunde durch die 
Lebenuslage beeinfluBt werden miissen. 

Ob daneben auch die synaptische Mutation als solche eine 
analoge Abhingigkeit besitzt, habe ich bis jetzt nicht ermittelt. 

Fir meine Versuche wahlte ich teils O. Lamarckiana selbst 
und teils O. lata, da diese bekanntlich héhere Koeffizienten auf- 
zuweisen pflegt als die erstere. Die Befruchtung wurde auf die 
endstandigen Rispen des Hauptstammes beschrankt, umfafte aber 
jedesmal alle Bliiten, welche sich im Laufe des ganzen Sommers 
auf der betreffenden Rispe dffneten. Sie geschah in einem Falle 
auf einigen Individuen mit dem eigenen Staub, auf anderen mit 
O. nanella. Ebenso wurden einige Lata-Pfilanzen mit O. Lamarchiana 
und andere mit O. nanella befruchtet. Die zweite Gruppe (0. La- 
marckiana x O. nanella) umfafte dieselben Pflanzen, an denen 
ich den HinfluB der Lebenslage auf die Erfolge dieser Kreuzung 
studiert habe (a, a. O.). Ich untersuchte die Frage, ob der Mutations- 
Koeffizient sich auf einer Rispe im Laufe des Sommers andert, 
und ob er auf verschiedenen Individuen gleicher Abstammung 
Verschiedenheiten zeigt. Fiir den ersteren Zweck wurden die 
Friichte in kleinen Gruppen geerntet, nachdem die Grenzen dieser 
Gruppen auf der Rispe wahrend der Bliitezeit markiert worden 
waren. Jede Gruppe enthielt die Friichte der an drei aufeinander 
folgenden Abenden gedffneten Blumen. Die einzelnen Samen- 
proben wurden getrennt ausgesit und die Prozentsitze fiir ihre 
Mutanten einzeln berechnet, dann aber die Ergebnisse in zwolf- 
tigigen Perioden zusammengefafit, als es sich ergab, daf feinere 
Differenzen sich nicht ermitteln lieBen., 


1) Uber amphikline Bastarde, a. a. O. 8.463. 
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Die Aussaat der Samen geschah in Holzkiasten im Gewdchs- 
haus bei einer Temperatur von etwa 30° C. Die Samen wurden 
ausreichend weit gestreut, die Keimlinge nicht ‘verpflanzt, aber 
gezihlt und ausgerodet im Laufe mehrerer Wochen, sobald sie ihre 
Merkmale deutlich zeigten. Die tibrig bleibenden erhielten dadurch 
jedesmal etwas mehr Raum zur Entfaltung ihrer Kennzeichen und 
auch die triage keimenden Exemplare konnten mitgezihlt werden. 
Um aber eine ausreichende Genauigkeit und Zuverlassigkeit zu er- 
reichen, ist es bei solchen Versuchen durchaus notwendig die Samen 
alle oder doch nahezu alle zur Keimung zu bringen. Dieses kann 
aber nur unter Anwendung der von mir beschriebenen Methode er- 
zielt werden.!) Es werden die Samen nach vorheriger Durch- 
weichung ihrer 4uferen schlaffen Haut in Wasser einem Drucke 
von z, B. 8 Atmosphiren wahrend am besten 2 Tage ausgesetzt. 
Dadurch wird das Wasser in die feinen Risse der Hartschicht hin- 
eingepreBt und das rasche Aufschwellen der Keime fast in allen Samen 
erméglicht. Durch die Anwendung dieses Verfahrens und durch die 
Verwendung einer sehr groBen Anzahl von Keimlingen erhalten die 
Unterschiede in den gefundenen Prozentzahlen, obgleich sie ver- 
haltnismaBig klein sind, dennoch die erforderliche Zuverlissigkeit. 

Fiir die Ermittelung der Mutationskoeffizienten habe ich mich 
auf das Zihlen der haufigeren und leicht kenntlichen Mutationen. 
beschrankt. Es waren diese: O. albida, O. oblonga, O. nanella und 
O. lata, die beiden letzteren offenbar nur da, wo sie nicht bereits 
unter den Eltern vertreten waren. 


In dieser Weise erhielt ich die folgenden Prozentzahlen: 


Juli A t i 
Befruchtung in 1914 a les penshlts 
1—11 |12—23| 24—4 | 5-16 |17—28] Mutanten 
0. Lamarckiana 8S. .  . . | 22 | if | aa | a9 | — | 4,0, %™ 
O. Lam. x nanella . . . 20 3.1 2.2 1.8 — |A.0.L 
O. lata » nanella. . . . . — | 3.6 3.3 2.2 1.0 | A. O. 
VO. lata x Lamarck. . : _ 5.0 1.8 53 4.4 | A.O. N 
Die gezihlten Mutanten, aus deren Summen diese Prozent- 
zahlen berechnet sind, waren, wie bereits erwihnt: A. = O. albida, 


O. = O. oblonga, L. = O. fata und N. = O. nanella. Sie sind unter 
den Keimlingen, wenn die Blatter der Lamarckiana-Pflinzchen etwa 
10 cm Linge erreichen, leicht und sicher kenntlich. Die befruch- 
teten Individuen von 0. Lamarckiana und O.lata waren sehr kriftige 
zweijahrige Pflanzen. Die Zahl der befruchteten Pflanzen war im 


1) Uber kiinstliche Beschleunigung der Wasseranfnahme in Samen 
durch Druck, Biol. Centralbl. XXXV, Nr. 4, S. 175, 1915, 


Uber die Abhingigkeit der Mutations-Koeffizienten usw. 6 


ersten Versuch 10, und fir die drei Kreuzungen 3, 2 und 3. Der 
Bliitenstaub wurde in den beiden mittleren Fallen von einer reinen 
Kultur von O. nanella genommen, welche aus Samen einer einzigen 
Mutterpflanze erzogen worden war. Im letzten Versuch gaben die 
Hauptrispen von drei kraftigen zweijihrigen Exemplaren von 0. La- 
marckiana den Pollen, jedes fiir eine andere der drei Lata-Pflanzen. 
Bei der Reife wurden die Friichte mit Kupferdraht geschlossen, 
um keine Samen zu verlieren, bis die ganzen Rispen geerntet werden 
konnten. Die Keimkraft war, nach dem Einpumpen des Wassers, 
eine sehr vollstindige und hatte in den einzelnen Proben ausreichend 
denselben Wert. Es wurden im ganzen 25000. Exemplare fiir den 
ersten Versuch und 8800—1500 und 3800 fir die drei Kreuzungen 
ausgezihlt. Pro Rispe also im Mittel 2500—2000—740 und 1260 Keim- 
linge. Uber die einzelnen Proben ergaben sich die keimenden Samen 
sowie die einzelnen Mutanten als sehr gleichmafig verteilt, 

Wie man sieht, entsprechen die Ergebnisse unseren oben er- 
érterten Erwartungen in gentigender Weise. Bisweilen nehmen dio 
Mutationskoeffizienten im Laufe des Sommers deutlich ab, bisweilen 
aber nicht (0. Lamarckiana). Am klarsten ist die Abnahme im 
letzten Versuch, wo die Prozentzahlen selber die gréBten sind. Das 
Ergebnis ist dem Verhalten der Erbzahlen bei den kiinstlichen 
Kreuzungen durchaus parallel und zweifelsohne durch dieselbe Ur- 
sache bedingt.') 

Fiir die zehn selbstbefruchteten Rispen von O, Lamarckiana 
habe ich die mittleren Mutationskoeffizienten fiir die einzelnen 
Mutanten berechnet. Ich fand fiir O. albida 0.5 pCt., fiir O. oblonga 
0.8 pCt., fiir O. lata 0.2 pCt. und fiir O. nanella 0.5 pCt. Vergleicht 
man diese Werte mit den friiher gefundenen?) (0.2—0.7—0.4— 
0.5 pCt.) so findet man eine ausreichende Uebereinstimmung. 

Berechnet man ferner die mittleren Mutationskoeffizienten fiir 
den ganzen Sommer fiir die einzelnen untersuchten Rispen, so treten 
individuelle Unterschiede deutlich hervor. 

Ich fiihre nur die héchsten und niedrigsten Zahlen an: ° 


Mutationskoeffizient 
Sommer 1914 . pro Pflanze 
Niedrigster | Héchster 
O. Lamarckiana 8S, 1.5 pCt 2.3 pCt 
O. Lam. x nanella i cada ge C1 ose aR 14, 28 
O, lata x nanella. . , 2. 2 2 ee ee 19 , 3.6 
48 , 6.7, 


O. lata x Lamarck. 


1) Uber amphikline Bastarde a. a. O, S. 465. 
2) Gruppenweise Artbildung S. 318. 
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Anhnliche Unterschiede habe ich auch friiher in meinen Kulturen 
vielfach beobachtet. 

Vergleichen wir zum Schlusse die mitgeteilten Zahlen mit den 
gleichzeitig und unter genau denselben Umstinden, z, T. auf den- 
selben Rispen ermittelien Verhaltniszahlen der beiden amphiklinen 
Gruppen aus der Kreuzung O. Lamarckiana und O. nanella. Diese 
letzteren sind durch die zweijihrige Kultur, durch friihes Auspflanzen 
und starkes BegieBen, sowie durch die Wahl eines besonders giinstigen 
Jahres (1914) von 0-50 pCt. Zwergen bis zu 90 pCt. und dariiber, 
im Mittel auf etwa 65 pCt. Zwerge hinaufgefiihrt worden. Dio 
Mutationskoeffizienten sind aber jetzt noch nahezu dieselben wie in 
den alteren Versuchen. Nur im Versuche mit O. lata und O, La- 
marckiana sind die Zahlen deutlich héher ‘(4.8 - 6.7 pCt. gegen 4.1 pCt. 
in 1901—1909.!) Diese kleinen Unterschiede geben nur eine geringe 
Aussicht, die Beziehung der Mutationskoeffizienten zu den auSeren 
Lebensbedingungen nach dieser Methode in weiteren Hinzelheiten 
verfolgen_zu kénnen. 


1) Gruppenweise Artbildung S. 314. 
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Introduction 


Of the several small-flowered wild evening primroses thus far 
examined by the writer for mutability, no other has yielded as 
valuable data as Oenothera pratincola. Certain mutations of this 
species have been treated in a former article,? of which this one is 
in effect a continuation. To recapitulate very briefly, it may be 
recalled that O. pratincola, a species found wild at Lexington, 
Kentucky, gives rise in successive generations to a small propor- 
tion of mutations, belonging to several distinct types. Of these 
the most conspicuous in the young condition is mut. nummularia, 
which originates in every generation from seven of the eight inde- 
pendent strains which have been studied. The eighth strain, 
designated in the former article as Lexington E, shows the phenome- 
non which the writer has elsewhere designated as mutation en 
masse. Mutant species in Oenothera, as typified by O. Lamarck- 
iana, give rise to few mutations. The frequency of mutations in 


t From the Bureau of Plant Industry, U.S. Department of Agriculture, Office of 
Plant Physiological and Fermentation Investigations. Published by permission of 
the Secretary of Agriculture. : 

2 Bartiett, H. H., Additional evidence of mutation in Oenothera. Bort. Gaz. 
§9:81-123. I9I5. 

3 , Mutation en masse. Amer. Nat. 49:129-139. 1915. 
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O. Lamarckiana is about 2 per cent. Some of its mutations are 
themselves mutable and give 4 per cent or even 6 per cent of 
secondary mutations. The ordinary strains of O. pratincola 
produce about 2 per cent of mutations,’ and the true O. biennis, of 
Holland, only about 0.45 per cent.® In strains which show mass 
mutability, however, the number of mutations rises to 50 per cent 
or even 100 per cent. This is the case with Lexington E. 
Lexington E differs from all the other strains of O. pratincola 
(1) in that it gives rise to a characteristic group of four mutations, 
(2) in that these characteristic mutations occur in such large num- 
bers as to justify the use of the designation mass mutation for the 
phenomenon, and (3) in that it does not give rise to mut. num- 
mularia and certain other mutations which are characteristically 
produced by the strains which do not show mass mutation. 

Turning now to resemblances, we find absolutely no mor- 
phological characteristics to indicate even the slightest differ- 
ence between Lexington E and the other strains of O.. pratincola. 
Moreover, Lexington E shows also the ordinary type of muta- 
bility, in that it gives rise to small numbers of some of the same 
mutations which the other strains produce. These mutations are 
in no wise distinguishable morphologically from the same forms 
occurring in the other strains, but all the evidence at hand shows 
that when derived from the strain showing mass mutation the 
non-characteristic mutations themselves show mass mutability. 
The mutations characteristic of mass mutability are themselves 
mutable and throw as secondary mutations other members of the 
characteristic group. 

In view of the extraordinary interest of the phenomenon of 
mass mutation, it is hoped that the reader will pardon the presenta- 
tion of this confessedly preliminary report. Many of the genetic 
relationships between the mutations and the parent species remain 
to be worked out, and, as will be very obvious, a cytological study 
of the whole subject is imperative. 


4 DeVries, H., Gruppenweise Artbildung. pp. 312-315. 

5 An estimate based upon the results tabulated in Bot. Gaz. 59:105~—109. 1915. 

6 DeVries, H., The coefficient of mutability in Oenothera biennis L. Bor. Gaz. 
59:169-196. I9I5. 
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The characteristic mutations of the mass mutating strain 


The four mutations, which by occurring in such large numbers 
characterize the hereditary behavior of Lexington E, form a group 
with a common structural peculiarity which sets them apart from 
typical O. pratincola and from all the other mutations. This 
peculiarity Jies in the narrow, strongly revolute, veiny leaves, of 
which the midrib is frequently but not always prolonged from a 
point below the apex as a setiform appendage. This appendage 
strongly resembles the infra-terminal calyx tips of certain species 
of Oenothera, and suggests the translocation of a character from 
one organ to another which does not typically display it. The seti- 
form appendage is exceptionally a centimeter long but is entirely 
absent on some leaves of each individual mutation. It may be 
said that the four mutations are characterized by the possibility 
of manifesting the appendage under favorable conditions rather 
than by its invariable presence. The revoluteness, narrowness, 
and venoseness of the leaves, however, are characters which are 
always distinctive. . 

The four characteristic mutations may be contrasted as follows: 


Plants as tall as O. pratincola {. typica, with a much-branched terminal 
inflorescence; fruiting freely by self-pollination and producing a normal 
number of viable seeds........ 0... ce eee eee eee eee ee mut. formosa 

Plants semi-dwarf; leaves whitish, broader and thicker than in the last; 
inflorescence often simple and bearing a few thick-tissued, usually cleistogamous 
flowers; producing by self-pollination large, apparently normal capsules 
which contain very few seeds... ....... 00. eee eee eee eee ee mut. albicans 

Plants semi-dwarf; leaves green, narrower than in mut. formosa; inflores- 
cence densely branched and many-flowered; ovaries almost sterile, producing 
no capsules by normal self-pollination and only shriveled capsules with few 
seeds by artificial pollination......................000.00000. mut. revoluta 

More extreme dwarfs, with narrowly linear leaves; inflorescence-bearing 
branches with broader leaves than the rest of the plant, simple, with thick- 
tissued, usually cleistogamous flowers which produce large normal fruits but 
very few viable seeds by natural self-pollination.............. ,-Mut. setacea 


The four mutations do not form a linear series showing succes- 
sive degrees of reduction. Mut. formosa and mut. revoluta are 
very similar and might be interpreted as successive reduction stages. 
They differ in size and fertility, but have many morphological 
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characters in common. Before flowering they can be distinguished 
with certainty only when the environmental conditions are the 
same for both. Thus, mut. revoluta grown in a rich, moist soil is 
as large as mut. formosa grown in a dry, sandy soil. Under such 
conditions they might be indistinguishable until they flowered, 
when the latter would produce large capsules, filled with good 
seeds, and the former would produce few seeds or none in the 
shriveled ovaries. Grown under identical conditions, however, the 
two mutations differ at every stage of development. In some 
features mut. setacea also appears to be a reduction derivative in 
the same series with mut. formosa and mut. revoluta. In compari- 
son with the latter, however, it shows a partial resumption of fertil- 
ity. Its large, strong capsules are well filled, although the seeds 
are for the most part empty. In this characteristic, as also in its 
simple inflorescences and thick-tissued buds and flowers, it resembles 
mut. albicans. Mut. setacea is different from the other three muta- 
tions in its strong tendency to produce dimorphic foliage. The | 
rosette leaves and young cauline plants have narrowly linear, 
grasslike leaves, which are succeeded above and on the inflorescence- 
bearing lateral branches by leaves much like those of mut. revoluta, 
which nearly always show the setiform terminal appendage. Like 
the latter mutation, mut. setacea responds greatly to environmental 
changes. In dry sandy soil it flowers and fruits when only 10 cm. 
high, but in moist loam it becomes 50cm. high and has quite a 
different aspect. The comparatively broad-leaved mut. albicans 
is totally unlike the other mutations at every stage of development. 


THE Fy, F,, AND F; PROGENIES OF FORMA typica 


The original wild mother plant designated as Lexington E did 
not give a progeny in any way peculiar when it was first grown 
in 1913. A casual inspection of the F, seedlings disclosed no 
mutations. The majority of the plants of this first culture were 
discarded as very young seedlings and only 30 were brought to 
maturity. These 30 plants were entirely typical. In 1914 the F, 
of the strain was found to show mass mutation. The remaining 
seeds of the original collection were therefore sown, in order to 
detect any mutability which, on account of the use of insufficiently 
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rigorous experimental methods, might have been overlooked the 


year before. The results from the new F, cultures of 1914 are set 
forth in table I. 
TABLE I 


ANALYSIS OF THE F, SEEDLING CULTURES OF LEXINGTON E 


Culture Seeds Total Forma Mut. Mut. Mut. Mut. 
planted plants typica albicans selacea latifolia graminea 

ee ee 200* 162 160t ° 1 (no. 35) |1 (no. 36f) ° 
Bet cote gets 199* 175 172 1 (no, 344) ° ° 2 (nos. 32 
and 33f) 

Baiagelt Gace 203” 62 62 ° ° ro) ° 

rene 185* 123 123 ° ° ° ° 

Total 787 522 si7t I I I 2 


* Indicates seeds from one capsule. 


t 25 plants of f. typica from culture 2, grown to maturity, were uniform. The remaining plants of 
{. typica were discarded in the rosette stage. 


t Indicates that the mutation was grown to maturity. 


It is clear from table I that the F, did not point to Lexington E 
as a specially mutant strain. There were only 5 mutations in a 
progeny of 522 plants. Moreover, 2 of the 4 types obtained, mut. 
latifolia and mut. graminea, were common to the other strains of 
O. pratincola. , 

In 1914, F, progenies were grown from 3 plants of O. pratincola 
f. typica belonging to strain E, and the progeny of a fourth was 
grown in 1915. ‘The results are summarized in table IT. 

The F, shows a decidedly greater degree of variability than the 
F,. One progeny only, that from Lexington E-5, shows mutations 
in excess of the number of typical plants; the other three progenies 
indicate a degree of mutability more comparable with that of 
certain derivatives of O. Lamarckiana, such as O. scintillans. The 
F,, however, was, if anything, less mutable than O. Lamarckiana 
itself. Successive generations seem to show an increasing degree 
of mutability. Only one F; progeny from f. typica has been studied. 
The parent belonged to the progeny of Lexington E-s, that is, it 
was selected from the most mutable line. The analysis of the F, 
culture is shown in table III. 

The salient fact shown by the data for the F,, F., and F; pro- 
genies is that the number of mutations varies inversely with the 
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number of seeds per capsule. The F; progeny, with few mutations, 
came from capsules with about 200 seeds. (Perhaps the capsules 


TABLE II 


ANALYSIS OF THE F, CULTURES OF LEXINGTON E, From 4 F; F. ltypica PARENTS 


2} On 
e a 
3 n oe 3 Mut 3 8 r 3 £2 
Parent Culture of | as : & albicans 3S pe Other mutations as gS 
Ba | Sa] so] es BE| ss SESE 
a |e |e |& a |e B le 
Lex. E-5.. I 156*) 131] 109; 0 ° 3 | 17 ; 2 (no. 208, angus-| 22 
tifolia) 
“ 2 96*| 72! 26] o 6 3 | 36 | 1 (mo. 210, chi-! 46 
. maera) 
‘ 3 106*| 75] 33; ? 6 I | 33 | ° 41 
; 4 75-| 57{ 15} 1 3 5 | 33} 0° ' 42 
oo 5 104*| 69] 10) 2 I 4 | 51 | 1 (no, 238, gigas) | 590 
Total...} 1-5 | 537 | 404] 194) 4 15 15 i172 | 4 210 | 52 
Lex. E-19 I 340° 270] 261) o ° 4 5 |o 9 
ei <a 2 3507} 239] 224, oO ° 4] Ir} o 15 
~ “ 3 219*| 150] 142) 0 ° 4| 4/0 8 
me 4 299*| 230] 219| 0 fo) 41 7/0 II 
3 5 378*| 143] 108; o | r(no.67)| 7 | 27 | 0° 35 
Total...| 1-5 /|1586 [r032 054] ° ° 24} 54] 0 78 \7. 
Iss | 
Lex. E-25 I 187*| 136] 130] 0 ° 3) 3/0 6 
ee 2 225° 147| 142] 0 ° Ii 4]o 50S 
ee a 3 186*| 145] 138] o ° 4] 3}0 7 
ee ae 4 180*| 147] 134) 0 I 31 g]0 13 
ee 5 144 | 72| 66] o ° I | 4 | 1 (no. 34) 6 
: eae 
Total...| 1-5 | 922 | 647] 610) o I 12 | 23 | 1 37 45-7 
Lex. E-43.. I 410f] 275| 238! o ° 1 | 36]o0 37 
oe zi 4241] 362) 328) o 2 4 | 27 | 1 (no. 70§) 34 
Total. ..| 1 and 2| 834 | 637) 566] o 2 5 | 63/12 71 | 11 


* Seeds from one capsule. 

¢ Plants of f. typica were grown to maturity as follows: Lex. E-5, 49 plants from cultures 2, 3, 4,and 
5, including all of the typica pec shown in figs. 1, 2, 3,4, and 5; Lex. E-r9, 18 plants from cultures 1 
and 5; Lex. E-25, 23 plants from culture 5; Lex. E-43, 29 plants from culture 2. The remainder were 
classified in the seedling stage and discarded. The mutations were all retained and classified at maturity, 
except that some of the weaker specimens of mut. setecea died at various stages of development. 

t Seeds of two capsules. 

§ Lex. E-43-70 was a new mutation combining characters of mut. nitida and mut. angustifolia, two 
frequent derivatives of O. pratincola. 


had dehisced at the apex and lost part of their seeds, as frequently 
happens. A normal capsule of O. pratincola contains 300 seeds, 
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more or less.) The F, progenies of 3 mother plants whose capsules 
contained an average of about 250 seeds gave about 8 per cent of 
mutations, the upper limit of ordinary mutability, as far as experi- 
ence goes. Another F, progeny from a mother plant with about 
t10 seeds to the capsule gave over 50 per cent of mutations. Turn- 
ing to the very striking F,; progeny, we find that a mother plant 


TABLE III 


ANALYSIS OF F; CULTURES oF LExINcTON E, From LEx. E-5-220, F. typica 


3 2 3 3 g 8 9 Su 
e/e/S/ele /2 3 g| 98 
Culture 6 ‘a : & 8 8 3 Other mutations ae zs 

3 ‘Ss E 3 3 3 3 3S 3 
Sielei sia |aie aes 

Tawar 30 30 9| 0 I I 19 | 0 2r | 70 
Digg aiiny 86* | 56 6} 2 4 4 39 | 1 (angustifolia)| 50 | 89.3 
gia Sta gor* | 71 17 | 0 3 8 43 | 0 54 | 76.1 
Avs satiae 1oo* | 74 | 22] 0 3 5 42 | 2 (gigas?) 52 | 70.3 
Sik a prone 80* | 48 | 20] 3 3 4 18 | o 28 | 58.3 
Oke aes 97* | 69 | 24] 0 4 2 39 | oO 45 | 65.2 
OT escine ait 95* | 51 19 | o 3 I 28 | 0 32 | 62.7 
seh SAni 104* 73 21 ° 4 3 44 | 1(?) 52 | 72.2 
GQ) - suaitntes tos* | 68 | 30] o 3 ° 35 | 0 38 | 55.9 
TO. d sainen 142* | 102 8] 0 ° 5 89 | o 94 | 92.2 
ys a dcunine 59* | 30 4| 0 5 2 28 | o 35 | 89.8 
1 79* | 65 | 13 | oO 5 3 43 | 1 (gigas?) 52 | 80.0 
Bocca 83* | 65 8} 1 4 6 46} 0 57 | 87.7 
DA acc es 85* | 42] i] 2 ° I 22 | 0 241 57.3 
Bi uta ah 72* | sg | 19 |] 2 6 2 30 | o 40 | 67.8 
UO sce a niae ge ts 15 I 7 2 26} 0 36 | 70.6 
BUT nasa whe 87* | 73 | 13] 0 2 5 53 | © 60 | 82.2 
Total. .| 1477 |1036 | 266 | 10 | 57 | 54 | 644] 5 770 | 74.3 


* Seeds from one capsule; the entire progeny was classified from the young seedlings; 30 plants of f. 
typica and all the mutations except the weaker individuals of mut. setacea were retained. 


with only 90 seeds to the capsule gave almost 75 per cent of muta- 
tions. It would be necessary to have much more complete data 
to establish any exact relationship between progressive sterility 
and mutability. Nevertheless, it is beyond question that the 
decrease in the number of seeds has gone hand in hand with the 
increase in mutability. 

In Oenothera pratincola, therefore, the phenomenon which I 
have termed mutation em masse is associated with the failure of a 
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large number of zygotes to develop, for the number of ovules in all 
capsules appears to be about the same. Probably the zygotes 
which fail to develop into embryos represent the weaker individuals 
of mut. sefacea, or perhaps some still more reduced mutation which 
is incapable of development. The problem, however, must be 
attacked by cytological methods. It is interesting to observe that 
the F;, with an average seed germination of 70 per cent, contained 
75 per cent of mutations. If all the seeds had germinated, and 
the additional plants had all been f. typica, there would still have 
been more than 50 per cent of mutations. It seems far more likely, 
however, that the seeds which did not germinate were either empty 
or else that they were the weak mut. setacea. 

A comparable degree of mutability to that of Lexington E is 
known only in the case of O. Reynoldsiz, in which mass mutation 
was first described. In O. Reynoldsii, also, the great increase in 
mutability is associated with an enormously increased degree of 
sterility. The data in regard to the latter species will soon be 
published elsewhere. 

A number of photographs were made to record the appearance 
of the mutations at various stages of growth. Figs. 1-5 show a 
portion of the F, progeny from F, parent Lexington E-5, recorded 
in table II. All of the characteristic mutations are shown, as well 
as several plants which became the parents of subsequent cultures. 
Fig. 6 shows 6 rosettes of mut. sefacea, one of which will be found in 
fig. 3. Fig. 7 shows two mature plants of the same mutation, of 
which one is shown in fig. 5. Fig. 8 shows 4 rosettes of mut. 
revoluta, 3 of which are likewise shown in figs. 4 and 5. A mature 
plant is shown in fig. 9. Fig. 10 shows 6 rosettes of mut. albicans, 
3 of which will be found in figs. 2, 3, and 4. Fig. rr shows two 
cauline plants of the same form. The one on the left is just begin- 
ning to flower; the one on the right lingered in the rosette condition 
and would therefore have matured as a stronger plant than its 
sister. Rosettes of mut. formosa are shown in fig. 12. The main 
stem of the mature plant is shown in fig. 13, and the identical cross 
mut. formosaXf. typica in fig. 14. Fig. 15 shows young rosettes 
of f. typica and mut. gigas. The gigas plant was the particular 
individual in which E. G. ArzBERGER determined the chromosome 
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number to be 28. 
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For a figure showing the mature stem of f. 


typica the former article on O. pratincola in this journal? should be 
consulted. 


LOAVPGIOL? LS Fear? & 


SOCT?7 


Fic. 1.—Progeny of Lexington E-5, pan 5 (part of culture 2; see table II); the 
pan contained 23 rosettes which were classified, most of them at maturity, as follows: 


JE 


typica 
albicans 
setacea 


typica 
setacea 


typica | 

setacea 

albicans (no. 1875) 
see fig. 11) | 

setacea | 

setacea | 


| setacea | setacea | setacea 
typica | setacea | setacea 


typica | setacea | setacea 
| 

setacea typica setacea 

typica 
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Mass mutability of the non-characteristic mutations 


It has already been stated that Lexington E gives rise to certain 
mutations which are common to the other strains of O. pratincola 
from Lexington, and that these non-characteristic mutations, as 


Fic. 2.—Progeny of Lexington E-5, pan 6 (part of culture 3; the remainder is 
shown in fig. 3; see table II); the pan contains 49 plants, classified as follows: 


Row 


I ..| typica | typica | typica | setacea | typica | setacea | typica 

BS cud typica | setacea | setacea | setacea | setacea | typica | setacea 

a | typica | setacea | setacea | typica setacea | setacea | albicans (no. 190; 
| see fig. 10) 


Avhals | typica | setacea | setacea | typica | setacea | albicans| setacea 
Sr typica | setacea | secacea | typica | formosa} setacea | typica 
6 typica | typica | typica | typica | typica | typica | typica 


Fieais setacea | typica Recents setacea | setacea | typica setacea 
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iat 


they may be called for convenience, exhibit mass mutability super- 
posed upon their ordinary behavior in heredity. In order to present 
the data in regard to this point it will be necessary to anticipate 
somewhat the publication of the next article of this series. 

Among the mutations of O. pratincola which have been obtained 
both from Lexington E and from the strains showing only ordinary 


LOY 


Fic. 3.—Progeny of Lexington E-5, pan 7 (part of culture 3; the remainder is 
shown in fig. 2; see table II); the pan contains 26 plants, which were classified at 
maturity as follows: 


ets cies formosa] setacea | albicans (no. ro1;| setacea | setacea 
see fig. 10) 
On | typica | albicans) setacea setacea | typica 
3 typica setacea | setacea | albicans typica 
4. typica | setacea 
5 setacea | setacea | setacea setacea | setacea | setacea (no. 83; 


typica | typica setacea 
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mutability, two, mut. angustifolia and mut. latifolia, have been 
carried into an F, generation from parent plants derived from both 
sources. A third non-characteristic mutation, mut. gigas, has 
appeared in Lexington E and also, apparently, in the other strains, 


Fic. 4.—Progeny of Lexington E-s, pan 8 (part of culture 4; see table II); the 
pan contains 49 plants, which were classified (most of them at maturity) as follows: 


| | | | 
Row) 2 | 2 | 3 | 4 | 5 | 6 | 7 
| 
I...| typica | setacea setacea | typica typica | setacea | setacea 
2...) setacea albicans | typica | setacea formosa| setacea | setacea 
3...) typica | setacea | typica | revoluta (no. 203;) setacea | typica revoluta (no. 202; 
| | see fig. 8) see fig. 8) 
Aiea setacea | typica setacea | typica typica setacea setacea 
5...| setacea | typica setacea | typica setacea | albicans (no. 195;| setacea 
| | fig. 10) 
6... setacea | setacea | setacea | setacea setacea | setacea setacea 
Fic setacea | revoluta | setacea | setacea setacea | setacea setacea 


! | 
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but no progenies have yet been grown or chromosome counts made, 
except in the case of one plant, belonging to the mass mutant strain. 


Lexmmgton L£-5 ar // 
0 777 

Fic. 5.—Progeny of Lexington E-5, pan 11 (part of culture 5; see table II); 
the pan contains 49 plants, which were classified (most of them at maturity) as follows: 


Row I 2 3 4 5 6 He 
Lesions enuae setacea | gigas (no. typica (no. | setacea setacea | setacea setacea 
238; see 239; see 
fig. 15) fig. 15) 
Die. densi aische vane setacea | setacea setacea setacea setacea | setacea setacea 
Bisse afin nieces setacea | typica typica setacea setacea | typica setacea 
Al seh ayenersraiacaraile setacea | setacea setacea formosa setacea | revoluta setacea 
(no. 206; 
fig. 12) 
Re en setacea | setacea setacea setacea setacea | formosa revoluta 
(no. 164; (no. 207; (no. 172; 
see fig. 7) see fig. 12) see fig. 8) 
Gis csictacousatence setacea | setacea albicans setacea setacea | revoluta setacea 
Tibet ecanetnane Be typica setacea setacea setacea setacea | setacea , setacea 
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(This plant is shown in figs. 5 and 14.) All three mutations are 
discussed here, but full data and illustrations are reserved for a 
paper entitled “Certain mutations and hybrids of Oenothera 
pratincola,” to appear later in this journal. 

Mut. angustifolia.—It has been found that mut. angustifolia 
from ordinary strains gives no descendants resembling itself; aside 
from the usual small proportion of other mutational types, the 
progeny consisting of f. typica only. The variation, although 
striking and entirely discontinuous, appears to be somatic. In this 
connection it is interesting to note that a perfect branch of f. typica 
has been observed as a bud sport on mut. angustifolia. As would 
be expected, mut. angustifolia crossed reciprocally with f. typica 
gives f. typica together with the usual few mutations. The 
hereditary behavior may be stated: 


mut. angustifoliaX mut. angustifolia > f. typica 
mut. angustifoliaXf. typica > f. typica 
f. typicaX mut. angustifolia > f. typica 


The behavior of mut. angustifolia from Lexington E is most 
remarkable. The parent plant was a sister of the ¢ypica plant whose 
progeny is analyzed in table ITI, but the degree of mutability proved 
to be much more extreme than in the case of the typica sister. 
Only two plants in the progeny, out of a total of 505, were f. typica; 
the other 503 plants, 99.6 per cent of the progeny, were mutations 
belonging to the group characteristic of Lexington E. The results 
are summarized in table IV. 

The cross mut. angustifoliaX{. typica and the reciprocal gave 
respectively 100 per cent and 91.5 per cent of mutations. By com- 
parison with table III it will be seen that each of the reciprocal 
crosses tends to show the same degree of mutability as the female 
parent. To be sure, there would seem to be a considerable dis- 
crepancy between 74.3 per cent, representing the mutability of 
f. typica, and gt.5 per cent, representing the mutability of f. typica 
Xmut. angustifolia. No significance can be urged for this dis- 
crepancy, however, when we consider that one of the cultures from 
a single capsule of f. typica contained 92.2 per cent of mutations 
among 102 plants, as compared with 91.5 per cent of mutations 
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——— 
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Fic. 6.—Mut. selacea: 6 rosettes of the F, progeny of f. typica, from F, parent 
Lexington E-5; the plant in the upper left-hand corner, Lexington E-5-88, is shown also 
in fig. 3. 
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among 118 plants of the cross. Asa matter of fact, the significance 
of ratios in Oenothera can be maintained only with great caution, 
in view of the enormous elimination of gametes during matura- 
tion and the subsequent failure of large classes of zygotes to 
develop. Nevertheless, the absence or almost complete absence 
of a strong zygote such as f. typica in the progenies of mut. angusti- 
folia and mut. angustifolia f. typica is strong evidence for the view 
that the composition of the progeny among the mass mutating 
strains is conditioned by the female gametes. The failure of a 


TABLE IV 


ANALYSIS OF F; CULTURES OF MUT. angustifolia, LEXINGTON E-5-208, SELF-POLLINATED 
AND RECIPROCALLY CROSSED WITH F. typfica, LEXINGTON E-5-229 (THE 
PLANT WHOSE PROGENY IS ANALYZED IN TABLE III) 


The mutation was a sister plant of the ¢ypica plant with which it was crossed; for 
position in pedigree see table II, culture 1 from Lexington E-5 


a 8 3 g 2 3 a | Sa 
3 E ES : 3 3 3 Oth £ 25 
2 wat = = 3 er 3 3a 
Parent 4 a = g - - x = mutations | = s 8 s 
ge/5/5)38 |/3)8/8 $2 | 88 
a a 7 P= P= a = a Pa 
Mut. angustifolia. .| 651*| 505 | 2 4 2 | 2t | 475 |1(no.1)| 503 | 99.6 
Mut. angusizfolia 
Xf. typica...... 1g9t| 173 | © ° ° 168 | 1 (no. 1)} 173 |100 
F. typica Xmut. 
angustifolia..... 182f] 118 | 10 ° I 4 99 4 108 | 91.5 


* The 651 seeds were from 11 capsules, containing respectively 51, 75, 53, 62, 44, 59, 82, ror, 46, 33, 
and 45 seeds. 

t The 199 seeds were from 3 capsules, containing respectively 73, 47, and 79 seeds. 

} The 182 seeds were from 2 capsules, containing respectively 79 and 103 seeds. 


class of strong zygotes to appear has much greater evidential 
value than any fluctuation in the proportion of weak zygotes. 
From other sources the evidence is unusually strong that the female 
and male gametes of O. pratincola are not equivalent, and that many 
characters are not carried by the male gametes. 

In conclusion: mut. angustifolia ordinarily gives a progeny 
containing nearly 100 per cent of f. typica; in a strain exhibiting 
mass mutation many of the typica plants are replaced by mutations 
of the characteristic group. Presumably other individuals of 
mut. angustifolia could be found which would be less mutable than 
the one tested, just as different individuals of f. typica show widely 
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varying degrees of mutability. The progenies of crosses indicate 
that mass mutability is conditioned by the female gametes. 

Mut. latifolia.—In contrast with mut. angustifolia, mut. latifolia 
reproduces itself in part of its progeny. Its descendants include 
roughly 50 per cent f. typica and 50 per cent mut. latifolia, the 
proportion varying within rather wide limits. Moreover, mut. 
latifolia gives progenies of the same type whether self-pollinated or 


Fic. 7.—Mut. setacea: 2 mature plants from the F, progeny of f. typica, from F; 
parent Lexington E-5; the right-hand plant, Lexington E-5-164, is shown also in fig. 5; 
note particularly the dimorphic foliage. 


cross-pollinated with f. typica. The reciprocal cross, with f. typica 
as the pistillate parent, consists only of f. typica, aside from the 
usual low proportion of mutations, among which mut. latifolia may 
or may not happen to occur. These relations are as follows: 


mut. latifolia mut. latifolia > f. typica+mut. latifolia 
mut. latifoliaX{. typica > f. typica+mut. lattfolia 
f. typicaX mut. latifolia > {. typica 
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The type of heredity here exemplified is shown by several muta- 
tions from O. Lamarckiana. O. lata DeVries provides the classic 
case. The heredity of O. scintillans DeVries and O. oblonga 


Fic. 8—Mut. revoluta: 4 rosettes of the F, progeny of f. /ypica, from F, parent 
Lexington E-5; the upper right-hand plant, Lexington E-5-172, will be found in fig. 5; 
the two lower plants, nos. E-5-202 and 203, will be found in fig. 4. 


1915] BARTLETT—MASS MUTATION 443 


DeVries is in essentials the same.?’ Another case is provided by 
O. stenomeres mut. lasiopetala.’ HERIBERT-Nitsson? has recently 
described several new mutations from O. Lamarckiana (“‘hetero- 
game Kombinanten” dependens, undulata, stricta, etc.) which 
probably show the typical lata type of inheritance, although he 
erroneously concludes that the repeated segregation of O. Lamarck- 
iana from these mutations in each generation is due to the-exist- 
ence of two types of functioning gametes on the male rather than 
on the female side. 

It must not be inferred from the similarity of the names that 
mut. latifolia is a parallel variation to O. lata DeVries. Such is 
not the case. Its characters are quite different. Both mut. 
latifolia and mut. angustifolia will be described and illustrated in a 
future article. 

As in the case of mut. angustifolia, the progeny of mut. latifolia 
from the mass mutating strain contained the expected types, f. 
typica and mut. latifolia, together with the characteristic mutations. 
The latter did not show differences among themselves which would 
enable one to classify them as modified typica or modified latifolia, 
as the case might be. The mother plant belonged to the F, genera- 
tion from Lexington E, and showed about the same degree of muta- 
bility as the typica sister plant, Lexington E-5 (see table II). The 
data for mut. latifolia are summarized in table V. 

Mut. gigas.—E. G. ARZBERGER’S discovery that this mutation 
has 28 chromosomes has already been announced.” The count 
has been made only in one plant, Lexington E-5-238 (figs. 5 and 14), 
belonging to the mass mutant strain. An apparently identical 
mutation in one of the other strains has appeared this summer 
(1915), but its heredity is unknown. Mut. gigas is treated, there- 
fore, as a non-characteristic mutation. Only 196 seeds were 

7For the latest treatment of these mutations see DrEVrRIESs, Gruppenweise 
Artbildung. pp. 244-267. 

8 BarTLETT, H. H., The mutations of Oenothera stenomeres. Amer. Jour. Bot. 2: 
IOO-109. IQIS. 


9 HERIBERT-NILSSON, N., Die Spaltungserscheinungen der Oenothera Lamarckiana. 
Lunds Universitets Arsskrift. N.F. Avd. 2.12: no. 1. pp. 132. 1915. 


10 BartrettT, H. H., The experimental study of genetic relationships. Amer. 
Jour. Bot. 2:132-155. 1915 (see p. 143). 
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obtained from 15 capsules of the primary mutation, Lexington E-5- 
238. The progeny consisted of 25 plants, only 16 of which survived 
transplanting from the seed pan. None of the progeny resembled 
the parent. All were extreme dwarfs which resembled, but were 
not identical with, mut. revoluia and mut. setacea. They differed 
mainly in the thicker leaves, which in 4 plants were narrow but 
not markedly revolute. Although a very nondescript lot, differing 
much among themselves, 5 most resembled mut. revoluta, and 7 
mut. setacea. The result of this culture might almost have’ been 
predicted. The mass mutability was inherited by mut. gigas from 
f. typica. In view of the dependence of the gigas characters upon 


TABLE V 


ANALYSIS OF AN F, CULTURE FROM SELF-POLLINATED MUT. latifolia, LEXINGTON E-36 


The parent plant belonged to the F, from Lexington E, f. typica; see table I, culture 2, 
for position in pedigree 


3 3 S: 3 + “Sb 
Sie le |e) 2) a) ae 
$ 3 3 8 8 8 
Seeds | Total}| © | §$ | 3 8 3 3 4 | 38 
Parent planted} plants | @ ae = = 3 6 3 s 3 5 3 
5 2 5 EI Z SE / $8 EE 

es = a = =i ie) a a 

Lex. E-36, mut. 
latifolia........ 375* | 182] 95 | 48] 5 2 29 | 3t 87 | 47.8 


* Seeds from 7 capsules, containing respectively 54, 72, 49, 30, 38, 70, and 62 seeds. ‘ 

1 Nos. 32 and 43, a new mutation; no. 51 mut. gigas (?), morphologically identical with Lexington 
E-5-238 which had 28 chromosomes; see table II, culture 5 from Lexington E-5, for position of latter 
plant in pedigree. 

} Excluding, of course, mut. latifolia. 


the double complement of chromosomes, which would in general 
be handed on to any secondary mutations, it follows that the muta- 
tions occurring en masse would not be identical with those from 
f. typica. Furthermore, chance irregularities in chromosome 
distribution might increase the polymorphism of the progeny. 
In such a highly modified germ plasm irregularities would be 
expected. 

The cross mut. gigasXf. typica yielded 160 seeds in a single 
capsule, of which 10 germinated. The plants were all extreme 
dwarfs, of the most nondescript nature, hardly any two alike. All 
had thick leaves, some plane, others revolute. No mutation of 
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f. typica could be identified 
among them. The reciprocal 
cross yielded no seeds. 


Inheritance and mutability of 
the characteristic 
mutations 


Of the group of character- 
istic mutations, including mut. 
formosa, mut. albicans, mut. 
revoluta, and mut. setacea, only 
the first is both normally fertile 
and vigorous. The second is 
vigorous, but produces few 
good seeds. The third is 


almost sterile, and the fourth 


is not only difficult to cultivate, 
but like mut. albicans gives 
very few good seeds. All of 
the forms were self-pollinated 
and reciprocally crossed with 
f. typica in 1914, but, except 
in the case of mut. formosa, 
the resulting F, cultures were 
very fragmentary or entire 
failures. The other three 
forms bloomed in September, 
when only a few weak, belated 
flowers of f. typica were avail- 
able for the crosses. The 
results of the cultures are 
summarized in table VI. 
Mut. formosa.—The 
entirely satisfactory cultures of 
this form show that it is con- 
stant in the sense that it gives 


no reversions to f. tvpica in its progeny. 


Fic. 9.—Mut. revoluta: a mature plant, 


Lexington E-19-21 (for position in pedigree 
see table II). 


Moreover, there is no 
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TABLE VI 


ANALYSIS OF F, CULTURES IN THE GROUP OF MUTATIONS CHARACTERISTIC OF 
MASS MUTABILITY 


J 3 8 3 Bu | ga 
g 8 3 8 3 3 8 g g 
Parentage culture 38 38 gS 3 § = 3 .3 oe = 
ge | 8a] 65] BS |] SB] 52 | 58 | #8] ss 
a |e |e |= |a°|2 [2° )6 [é 
: er 244* | 196 | o | 171 | oO I 24 | oO 25 
ha cae aise 269* | 163 | oO | 137] o ° 26 | o 26 
Mut. formosa }3......... 201* | 177 | oO | 149] oO 2 26 | o 28 
Lex. E-5-199 |4.....---- 216* | 174 | oO | 130] 1 ° 43 | 0 44 
Siivwal wine Aad 217* | 193 | oO | I50] 0 I 42 | 0 43 
Oss ches se 224* | 179 | o | 146] o ° 33 | 0 33 
Ota wuts goad eens 1-6] 1371 |1082 | o | 883 I 4 | 194] © | 199 
Mut. formosa 
Lex. E-5-199 
> GE Re Teer 365f | 309 | oO |} 218 | o ° gr} o gl 
{. typica 
Lex. E-5-217 


Mut. formosa Lex. E-5-206 | 177{ | 146 | o | 130] 2 ° 14| 0 16 
Mut. formosa 


Lex. E-5-206 
Puedes b setae ashe 2338 | 177 | o | 151 | © 3 23 | 0° 26 
{. typica 
Lex. E-5-229 
F. typica 
Lex. E-5-229 
Bee oa hts do eeielate 246|| | 133 | 7 o| i o | z2r | 4 | 126 
mut. formosa 
Lex. E-5-206 
Mut. albicans Lex. E-19-67 
(seeds of 4 capsules)... .. 386 | 265] o o | 36 3 | 226] o | 229 
Mut. albicans Lex. E-5-182 
(seeds of 4 capsules) ....| 173 69 | o o}| 7 3 59 | oO 62 
F. typica 
Lex. E-5-229 
De. ape macenantes 22" 14 I oOo} o I 12 ° 13 
mut. albicans ; 
Lex. E-5-182 
Mut. revoluta Lex. E-5-190 
(seeds of 14 capsules) ...} 85 23 | 0 o}| t | 17 5| 0° 6 
Mut. setacea Lex. E-5-17 
(seeds of 4 capsules) ....) 625 140 | 0 o}] 0 ° 140 | 0 ° 
Mut. setacea Lex. E-5-20 
(seeds of 16 capsules) .. .|1997 8| 0 o}]| o ° 8| 0 ° 
Mut. setacea Lex. E-5-66 ..| 114* | 31] 0 o| o ° 31} 0 ° 
Mut. setacea Lex. E-5-135 
(seeds of 3 capsules) .. . ‘f 463 14] 0 o}] 0 ° 14| 0 ° 


* Seeds from one capsule. 

} Seeds from 2 capsules; 215-+150. 
} Seeds from 2 capsules; 48+129. 
§ Seeds from 2 capsules; 64+169. 
|| Seeds from 2 capsules; r15-+131. 
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Fic. 10.—Mut. albicans: 6 rosettes of the F, progeny of f. typzca, from F, parent 
plant Lexington E-5; the right-hand plant in the middle row, Lexington E-5-190, 
will be found in fig. 2; the two plants in the lower row, E-5-191 (left) and 195 (right), 
will be found respectively in figs. 3 and 4. 
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difference between the progenies resulting from self-pollination and 
those resulting from pollination with f. typica. In other words, 
mut. formosa is dominant over f. typica if it enters the cross as 
a female gamete, but is not even dominant over the weak 
mut. sefacea when the formosa gamete is male. The scheme of 
heredity is: 


mut. formosaX mut. formosa —> mut. formosa 
mut. formosaXf. typica > mut. formosa 
f. typicaX mut. formosa—> f. typica 


It would have been instructive to cross mut. formosa recipro- 
cally with f. ¢ypica from a non-mass mutant strain. (Such crosses 
have been made this year and will be grown next year.) From the 
data at hand, concerning only crosses within the mass mutant 
strain, it appears clear that the external features of all the char- 
acteristic mutations are determined by the female gametes. The 
female and male gametes are not equivalent. Thus, the progeny 
obtained from f. typica, Lex. E-5-229, by pollination with mut. 
formosa is not significantly different from the progeny obtained by 
self-pollination (cf. tables III and VI). The characteristic muta- 
tions occur with their usual frequency regardless of which pollen 
is used. We know that this particular individual of f. typica gave 
about 1 per cent mut. formosa when grown in large cultures from 
self-pollinated seeds. That pollination with pollen of mut. formosa 
does not increase the proportion of this mutation in the progeny 
is strikingly shown by the absence of even a single individual among 
the 133 plants of the cross. In a culture of this size from self- 
pollinated seed the chances are about even that an individual 
of mut. formosa, with a frequency of 1 per cent, would or would 
not turnup. If the use of formosa pollen had appreciably increased 
the frequency of this form in the progeny, a culture of 133 plants 
might have been expected to show it. The results can be inter- 
preted in only one way, that is, the female gamete carries all the 
factors which determine the visible characters of the several forms, 
not only of the 4 mutations, but of f. ¢ypica as well. 

Both parent plants of mut. formosa showed a high degree of 
mutability themselves, and gave rise to the other 3 characteristic 
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mutations. As in the case of progenies from f. ¢ypica, mut. angusti- 
folia, and mut. latifolia, the predominating form among the muta- 
tions was mut. setacea. 


Fic. 11.—Mut. albicans: 2 cauline plants, Lexington E-5-196 (left) and 187 
(right), from the F, progeny of f. /ypica; no. 187 is shown also in fig. r. 


Mut. albicans —This mutation reproduces itself in only a small 
proportion of its progeny, but can be said to come true in the sense 
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that it gives no reversions to f. typica. All of the aberrant plants 
in the cultures, both from self-pollination and from pollination with 
f. typica, are mutations belonging to the characteristic group. 
As in the case of mut. formosa, most of the secondary mutations 
were mut. sefacea. 

The small culture of f. typicaX mut. albicans emphasizes the fact 
that the composition of the culture is conditioned by the female 
gamete. As in the case of the 
analogous cross f. typicaX mut. 
formosa, the progeny is just 
what we should expect from 
self-pollination of the typica 
parent. 

Mut. revoluta.—Only one 
small progeny was obtained 
from this nearly sterile muta- 
tion. It showed that the form 
reproduces itself except for 
throwing other mutations of 
the characteristic group. None 
of the crosses made with mut. 
revoluta’ were successful, but 
there can be little doubt, from 
collateral evidence, that mut. 
revoluta, as well as mut. albi- 
cans, follows the same type of 
inheritance as mut. formosa. 

Fic. 12—Mut. formosa: 2 rosettes, Mut. sefacea—So far as 
Lexington E-5-206 and 207, from the F2 can be determined, this form 
iis of f. typica; both are shown in comes entirely true from seed, 

Paar and represents the most 
extreme modification which can take place in the direction 
followed by the group of characteristic mutations. Although 
the crosses with f. typica have so far not been successful, 
it is probable that this extreme reduction phase would also 
be dominant when introduced into the cross as the female 
gamete. 
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The numerical data for mut. setacea in all cultures have had to 
be based largely on the determination of very young plants, for 
many weak plants do not succeed in forming new roots after being 
transplanted. There is 
no difficulty in growing 
to maturity practically 
every individual of mut. 
formosa that germinates, 
and most of those of 
mut. albicans and mut. 
revoluta. It is the rule 
rather than the excep- 
tion, however, to lose 
three-fourths or more of 
the setacea plants. 
They show some varia- 
tion among themselves 
which may possibly indi- 
cate that mut. setacea is 
itself mutable and that 
more than one type is 
covered by this name. 
If so, only one type sur- 
vives in the part of the 
cultures which reaches 
maturity. 


The phenomenon of 
mass mutation 


From the results of 
the crosses between f. Fic. 13.—Mut. formosa (Lexington E-5-206-51): 


typica and muts. formosa the setiform leat appendages show very clearly; 
; the position of the plant in the pedigree may be 
and albicans, as well as getermined from table VI. 


from the insignificant 

variation in the composition of cultures showing mass mutation 
regardless of the source of the pollen, it appears clear that the 
factors responsible for the mutational characters are carried in the 
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female gametes. So far, there is no evidence that the pollen of 
any of the characteristic mutations differs from that of f. typica. 


Fic. 14.—Mut. formosaXt. typica (Lexington 
E-5-206 X E-5-229, one of the F, progeny): this 
cross is identical with mut. formosa itself (cf. 
fig. 13); the constitution of the F, progeny is given 
in table VI; the progenies resulting from self- 
pollination of the parent plants are recorded in 
tables III and VI. 


It follows that mass 
mutation in O. pratin- 
cola must be due to the 
wholesale modification 
of female gametes. The 
relations have not been 
worked out in the case of 
O. Reynoldsit, which also 
shows mass mutability. 

There can be no 
doubt that mass muta- 
tion is not Mendelian 
segregation, although 
the two phenomena 
have points of resem- 
blance. HERIBERT- 
Nitsson’s hypothesis to 
account for the muta- 
bility of O. Lamarckiana 
depends upon the segre- 
gation of plural factors 
for the same character, 
and involves such com- 
plications as the elimina- 
tion of all zygotes which 
are homozygous with re- 
gard to the presence of 
any of the numerous 
plural factors. Needless 
to say, he has also relied 
upon the doctrine of the 
equivalence of male and 
female gametes. His 


last paper bears evidence that his faith in the equivalence of 
gametes is beginning to waver, although he has formerly trusted so 
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implicitly that he has made crosses only one way. If he had 
studied the reciprocals of his crosses it is safe to assume that he 


would never have ad- 
vanced his Mendelian 
explanation of muta- 
bility. As far as his 
results extend, his deriv- 
atives of O. Lamarcki- 
ana fall, for the most 
part, into two classes, 
which conform in heredi- 
tary behavior to the two 
main classes of muta- 
tions which have been 
obtained from O. pra- 
tincola. 

Class I.—The muta- 
tion breeds true, in the 
sense that it gives no 
reversions to the parent 
form. The reciprocal 
crosses with the parent 
species are matroclinic. 
The progeny conforms 
to the type which sup- 
plies the female gamete. 

Class II.—The mu- 
tation gives a progeny 
consisting of the pa- 
rental and mutational 
types in greatly varying 
proportions. The pro- 
genies from reciprocal 
crosses are mixed if the 
mutation supplies the 


Fic. 15.—Mut. gigas (above) and f. typica (be- 
low): rosettes from the F, progeny of f. typica; the 
rosette of mut. gigas, Lexington E-5-238. had a 
darker color and more conspicuous pubescence than 
the sister plant of f. typica, but the difference does 
not appear in the photograph; both plants are 
shown in fig. 5. 


female gametes, but consist of the parental type only if the muta- 
tion supplies the male gamete. 
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Several mutations of each class have been studied by the writer 
in more or less detail, and the results will soon be published. As 
already announced,™ the interesting mut. nummularia belongs to 
class I, as do also all of the mutations characteristic of Lexington E. 
Mut. latifolia is a typical member of class II. There are mutations, 
of course, which show neither type of behavior, but they need not 
be involved in the present discussion. 

HERIBERT-NILSSON’S hypothesis demands the recessiveness of 
mutations of class I, regardless of which way they are crossed with 
the parent. This condition is not fulfilled. It demands that the 
female gametes of the mutations of class II should be of one kind, 
and the pollen of two kinds. Neither is this condition fulfilled. 
His hypothesis makes no provision for the appearance of mutations 
in excess of one-third of the progeny. In this respect it is quite 
inadequate. On Mendelian grounds it is as difficult to account 
for too many mutations as for too few. His assumption is that after 
a homozygous and recessive condition has been attained in O. 
Lamarckiana, except for one of the plural factors which produce 
the Lamarckiana phaenotype, monohybrid splitting will take place. 
The one-fourth of dominant homozygotes will be eliminated, and 
therefore the progeny will consist of heterozygotes and recessives 
(mutations) in a 2:1 ratio. He has not attempted to explain how 
more than one-third of a progeny can consist of mutations, although 
he states in a vague and general way that the discovery of highly 
mutable strains is an argument in favor of his thesis. Nothing, he 
says, has made the mutation phenomena appear so exceptional as 
the low frequency of mutations. In his opinion, the high mutability 
of O. Reynoldsit has rendered the mutation fiction an absurdity. 

Further comment on this opinion is rendered unnecessary by 
the serious discrepancies between HERIBERT-NILSson’s hypothesis 
and the facts. It can do no harm to point out, however, that even 
if mutations appeared through the operation of Mendelian segre- 
gation, as no one denies may sometimes be the case, it is still neces- 
sary to account for the origin of heterozygosis in the parent strain. 
The writer believes that mutations may often appear as a result 
of segregation, but that the antecedent heterozygosis has its origin 
in a mutative change. To attempt to account for the hetero- 

1 Amer. Jour. Bot. 2:146. 1915. 
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zygosis by hybridization leads to such absurdities as the denial that 
new forms have ever originated except by hybridization and 
recombination. 

It is perhaps unwise to hazard even a guess at the nature of the 
modification of the female gametes which results in mass mutation. 
At one time the writer was inclined to believe that the modification 
had involved the cytoplasm rather than the nucleus, and that cyto- 
plasmic inheritance might account for the matroclinic crosses. 
However, there are now adequate data at hand to show that similar 
matroclinic crosses in other cases cannot be explained by cyto- 
plasmic inheritance. The reason for discarding this hypothesis 
will be explained in a future paper, since it involves data which 
cannot be touched upon here. 

Mendelian expectations require that the largest class in a 
progeny showing mutation shall consist of the parent phaenotype. 
No explanation of the high mutability of mass mutating strains 
can be accepted which requires the elimination of zygotes of this 
phaenotype, which according to all other experience are strong and 
viable. If a deficiency in any class of zygotes were to be expected 
in a mass mutant strain, it would be the class of weakest mutations; 
in the case of O. pratincola, for example, it would be mut. setacea. 
Yet this mutation is the very one which occurs in the largest 
numbers. 

Mass mutation is neither more nor less easily explained than 
ordinary mutation. It seems to be due to sudden mutative trans- 
formations of certain female gametes, and to be apparent in the 
zygotes without the necessity of subsequent segregation because 
of the fact that the factors involved have no counterparts in the 
male gametes. There is no real distinction between mass mutation 
and ordinary mutation except that in the former type large num- 
bers of gametes may be simultaneously affected, whereas in the 
latter only a few are affected. 


Summary and conclusions 


1. Mass mutation consists in the production of unexpectedly 
large numbers of mutations, in some cases amounting to 100 per 
cent of the progeny. 
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2. The phenomenon is known in two species of Oenothera: O. 
Reynoldsii, in which it was first described, and O. pratincola, the 
subject of this paper. 

3. It cannot be explained by HERIBERT-Nitsson’s Mendelian 
hypothesis. 

4. The mutations of the mass mutant strain of O. pratincola are: 
(A) common to other strains of the species; the non-characteristic 
mutations are not produced in unexpected numbers and show mass 
mutability superposed upon their ordinary behavior in heredity; 
(B) characteristic of the mass mutant strain. 

5. The characteristic mutations are constant in that they do 
not throw the type form of the species, but, except in the case of 
the most reduced member of the group, are themselves highly 
mutable. 

6. As far as tested, the characteristic mutations adhere to the 
following scheme of inheritance: 


mutation X mutation-—> mutation 
mutation parent > mutation 
parent X mutation > parent 


7. They belong to a group with certain structural characters 
in common, but do not seem to form a linear reduction series. 

8. They seem to result from the mutative modification in the 
female gametes of factors which have no counterparts in the male 
gametes. 

9. Mass mutation is associated with a high degree of sterility, 
which manifests itself in the production of a greatly reduced number 
of seeds or in the production of many empty seeds. 
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Was Lamarck’s evening primrose (Oexothera Lamarckiana 
Seringe) a form of Oenothera grandiflora Solander ? 


BRADLEY Moore Davis 


(WITH PLATES 37-39) 


This paper will present evidence which in the writer’s opinion 
clearly indicates that the Oenothera grown in the gardens of the 
Muséum d’Histoire Naturelle at Paris about 1796, described by 
Lamarck (?1798) under the name Aenothera grandiflora and renamed 
by Seringe (1828) Oenothera Lamarckiana, was a form of Oenothera 
grandiflora Solander (1789), introduced into England in 1778 from 
Alabama. If this identification is correct it follows that the name 
Oenothera Lamarckiana Seringe becomes a synonym of Oenothera 
grandiflora Solander (O. grandiflora “ Aiton”’). 

The evidence in the light of recent studies shows that Professor 
De Vries made an incorrect determination of the material of his 
cultures when he identified it with Lamarck’s plant of 1796 or 
earlier. The material of De Vries’s cultures is very different from 
this plant and can only be allowed to keep the name Lamarckiana 
when written ‘‘ Oenothera Lamarckiana De Vries’’; it is not Oenothera 
Lamarckiana Seringe. 

My attention was first directed to this matter on seeing in the 
herbarium of the New York Botanical Garden tracings of La- 
marck’s plant, the type of Oenothera Lamarckiana Seringe, which 
is preserved in Lamarck’s herbarium at the Muséum d’Histoire 
Naturelle. The resemblance of these tracings to the material of 
Oenothera grandiflora Solander from Alabama, now assembled in 
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my own collections and at the New York Botanical Garden, was 
unmistakable. Miss Alice Eastwood, who kindly looked up 
various matters for me during her recent trip abroad, examined 
last winter in Paris this sheet which stands for the type of Oenothera 
Lamarckiana Seringe and reported to me her belief that it is identical 
with O. grandiflora Solander. Asa result of this report I obtained 
through the courtesy of M. Francois Gagnepain negatives of this 
and other herbarium sheets at the Muséum d'Histoire Naturelle 
bearing upon the problem. M. Gagnepain further has most 
kindly answered a number of specific enquiries concerning the 
history of the specimens and certain characters of the plants not 
shown in the photographs. The following descriptions of these 
herbarium sheets are then in part from the photographs here 
published and in part from the notes of Miss Eastwood and M. 
Gagnepain, to whom I am greatly indebted. 

The three sheets, to be described, were examined by Professor 
De Vries, who has given his interpretation (1901) in footnotes to 
Die Mutationstheorie, Vol. I, pp. 316,317. De Vries believed that 
the first two sheets agreed with his cultures of Lamarckiana. The 
specimens on the third sheet he referred to Oenothera grandiflora 
Aiton (O. suaveolens Desfontaines) = O. grandiflora Solander. 
The conclusions of the present paper are (1) that the first sheet 
(PLATE 37), the type of Oenothera Lamarckiana Seringe, shows a 
remarkably well preserved and characteristic specimen of Oenothera 
grandiflora Solander, (2) that the specimen on the second sheet 
(PLATE 38) is neither O. grandiflora Solander nor “‘O. Lamarckiana De 
Vries’ but a plant that is close to certain forms of O. biennis, and 
(3) that the two plants on the third sheet (PLATE 39), obviously 
stunted in growth, are so imperfect that an opinion of their identity 
can hardly be more thana guess. Our interest in this herbarium 
material centers upon the first two sheets. 


SHEET I. LAMARCK’S PLANT, WHICH STANDS AS THE TYPE OF 
Oenothera Lamarckiana Seringe 

This specimen (PLATE 37) is in the herbarium of Lamarck, 

acquired by the Muséum d’Histoire Naturelle in 1886. The 

sheet bears in the handwriting of Lamarck: ‘‘Oenothera .. . 

[grandiflora] . . . nova spec. flores magni lutei, odore grato, caulis 
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3, pedalis.”” The spelling of the word Oenothera is not clear; it 
might be interpreted ‘‘ Onothera”’ or possibly ‘‘ Aenothera.”” This 
note designating a new species, grandiflora, in the handwriting of 
Lamarck establishes the specimen as what we would now designate 
as the type of his species Aenothera grandiflora described in the En- 
cyclopédie Méthodique Botanique 4: 554. °?1798. Thisdescription 
agrees with the specimen. It seems unlikely that we shall ever 
know the exact date at which the description was published. 
Authors usually give it as 1797, but Sherborn and Woodward 
(1906), from evidence presented by extraneous matter bound in 
with certain copies of the volume concerned, place the year as 
?1798. I can find no evidence that Poiret wrote the description, 
as was believed by De Vries, but he is known to have written 
later volumes of the encyclopedia. 

Seringe in his diagnosis of Oenothera Lamarckiana (De Can- 
dolle, Prodromus 3: 47. 1828) gives O. grandiflora Lamarck as 
a synonym together with the comment that the species is not 
the grandiflora of Aiton. This was of course his reason for renam- 
ing the plant. The diagnosis of Seringe, as will appear later, is 
virtually a copy of a portion of Lamarck’s description. 

The following is the description of the species written by 
Lamarck in the Encyclopédie Méthodique Botanique; it should 
be noted that the abbreviation (V.S.) at the end of the diagnosis 
shows that the description was based on dried material. 

“32, Onograire a grandes fleurs. £nothera grandiflora (n). 
4inothera foliis integerrimis, ovato-lanceolatis; petalis integris, 
capsulis glabris. 

“Cette espéce paroit se rapprocher, par son port, de l’eno- 
thera longiflora; mais elle en différe par plusieurs caractéres 
frappans, sur-tout par ses tiges rameuses, ses pétales entiers, 
ses fruits lisses & courts. 

“Ses tiges s’élévent a trois ou quatre pieds de hauteur. 
Elles sont cylindriques, munies de quelques poils rares, d’un 
rouge brun, divisées en rameaux nombreux, étalées. Les 
feuilles sont vertes, alternes, ovales, lancéolées, lisses & glabres 
des deux cétés, trés-entiéres; les feuilles du bas sont pétiolées 
& munies de quelques dents 4 peine sensibles. Celles qui 
accompagnent les fleurs sont plus étroites, plus aigués & sessiles. 

“‘Les fleurs sont terminales, & forment, par leur disposition, 
une panicule étalée; elles sont axillaires, solitaires, mais trés- 
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rapprochées. Le calice est jaune, muni d’un tube un peu plus 
long que la corolle, qui se divise en quatre folioles Jancéolées, 
élargies A leur base, aigués 4 leur sommet, terminees par un 
filet court, sétacé. La corolle est jaune, composée de quatre 
pétales ovales, trés-grands, entiers, arrondis, presque aussi 
longs que le tube calicinal, retrécis a leur base en forme de 
coin. Les anthéres sont longues, linéaires. Le fruit est une 
capsule courte, cylindrique, glabre, tronquée, légérement quad- 
rangulaire, n’ayant qu’environ le tiers de longueur du tube 
calicinal. Cette espéce est originaire de |’Amérique septen- 
trionale. On la cultive au jardin du Muséum d'Histoire 
naturelle. (V.S.)”’ 


An interesting point has been brought to my notice by Mr. 
H. H. Bartlett. Poiret has this note in the Encyclopédie Métho- 
dique Botanique, Suppl. 4: 141. 1816: ‘‘L’Oenothera grandiflora, 
no. I1, est la méme plante que celle d’Aiton, Hort. Kew., 2, pag. 
2.” The designation ‘‘no. 11” instead of ‘‘no. 12’? must have 
been a slip of the pen on Poiret’s part. Although Poiret was 
correct in considering O. grandiflora Lamarck as a synonym of O. 
grandiflora Solander, he could not have had a clear conception of 
this plant since he kept O. suaveolens Desfontaines, which is also a 
synonym, as a distinct species. 

We will give also the short diagnosis by Seringe (1828) of 
Oenothera Lamarckiana for comparison with the longer description 
of Lamarck. 


“OE. Lamarckiana (Ser. mss.) caule ramoso, foliis integer- 
rimis ovato-lanceolatis, petalis integris magnis, capsulis glabris 
cylindrico-tetragonis brevibus. @ in America sept. OE. 
grandiflora Lam. dict. 4. p. 554. *non Ait. Fl. flavi.” 


I have italicized phrases that are the same as those in the brief 
introduction in the description of Lamarck, showing that Seringe 
had little or nothing to add to the original description. 

Certain points should be noted in these descriptions of Lamarck 
and Seringe before we compare Lamarck’s plant (PLATE 37) on the 
one hand with O. grandiflora Solander and on the other with the 
material of De Vries’s cultures (‘‘O. Lamarckiana De Vries”). The 
description of the petals as entire must not be emphasized, for 
while there may not be in these species a conspicuous notch at the 
tip of the petals there is usually at least a shallow indentation; the 
character is not one easily determined in dried specimens and 
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presents so much variation as to have no taxonomic value. The 
leaves of these species are not strictly entire but serrulate, the 
teeth being small and in dried material inconspicuous; the teeth 
are, however, shown on some of the leaves on Lamarck’s plant 
(PLATE 37). The glabrous fruits agree best with the seed capsules 
of grandiflora, which are almost smooth, while those of De Vries’s 
Lamarckiana are decidedly puberulent and pilose. Mature cap- 
sules are not shown on the specimen of Lamarck’s plant, and no 
importance can be attached to their description as short. The 
reddish brown stem with occasional hairs agrees with grandiflora; 
there is no mention of numerous hairs arising from red papillae, a 
striking characteristic of the plants in the cultures of De Vries. 
The description of the leaves as glabrous is not strictly true either 
of grandiflora or of De Vries’s Lamarckiana, both having a minute 
pubescence, which is more evident in the latter form. Mr. Bart- 
lett has called my attention to the word ‘“‘sétacé’”’ in Lamarck’s 
description of the sepal tips; this has been translated by De Vries 
(1901, p. 317) as ‘‘dicke.”” The French is, however, from the late 
Latin word ‘‘setaceus,’’ derived from ‘‘seta,’’ a stiff hair or bristle- 
The meaning is, then, exactly the opposite of that given bv De 
Vries and refers to the much attenuated sepal tips, as shown in 
PLATE 37, a striking characteristic of grandiflora; the sepal tips 
of De Vries’s Lamarckiana are in contrast much shorter and 
thicker. 

It is surprising how little information is contained in the 
descriptions of Lamarck and Seringe that is of value in a com- 
parison of Lamarck’s original plant with O. grandiflora Solander 
and ‘‘O. Lamarckiana De Vries.” The most important points in 
the writer’s opinion are the description of the attenuated sepal 
tips and the absence of all reference to the remarkable stem 
coloration which is characteristic of the material of De Vries’s 
cultures. De Vries’s Lamarckiana invariably, so far as am aware, 
presents a green stem punctate with red papillae from which long 
hairs arise among a short glandular pubescence. This is not 
noted by Lamarck, who describes the stem in agreement with 
grandiflora as reddish brown with occasional hairs. 

We may now take up the consideration of the herbarium sheet 
of Lamarck’s: plant (PLATE 37) preserved in the herbarium of the 
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Muséum d’Histoire Naturelle. First, however, it should be noted 
that Buchet (1912) in a recent paper gives his opinion that this 
sheet agrees with Oenothera suaveolens Desfontaines, which he 
recognizes as synonymous with Oenothera grandiflora Solander, 
an older name. Buchet also regards the sheet shown on PLATE 38 
from the collection of Abbé Pourret as the same form as Lamarck’s 
plant and identifies it also with O. suaveolens. On this point I 
cannot agree, since, as will be shown later, the specimen of Abbé 
Pourret has important characters that distinguish it both from 
Lamarck’s plant (O. suaveolens Desfontaines = O. grandiflora 
Solander) and from the material in the cultures of De Vries. 

In the following account of the sheet which stands for the 
type of Oenothera Lamarckiana Seringe, are included not only the 
characters shown by the photograph (PLATE 37) but also others 
of equal or perhaps greater importance from the notes of Miss 
Eastwood and M. Gagnepain. In order to obtain direct com- 
parisons with respect to the pubescence I furnished M. Gagnepain 
with specimens of stems and buds from both grandiflora and the 
Lamarckiana of De Vries’s cultures, asking him to compare the 
specimens with Lamarck’s plant but not informing him of their 
source. 

1. STEM AND FOLIAGE. The specimen of Lamarck’s plant 
(PLATE 37) exhibits the rather dense branching characteristic 
of certain forms of grandiflora in sharp contrast to the long sparsely 
branched stems of De Vries’s Lamarckiana. The stem, according 
to M. Gagnepain, does not have long hairs from red papillae, as is 
so characteristic of De Vries’s Lamarckiana; the pubescence is 
short and the stem subglabrous. The leaves are broadly elliptical 
or lanceolate with serrulate margins and with short but distinct 
petioles as in grandiflora; they are not sessile or almost sessile nor 
so broad as are the leaves of the Lamarckiana of De Vries. This 
herbarium sheet may be readily matched in the form of the 
branching and in the foliage by numerous specimens of grandiflora 
collected in Alabama; it represents neither the broader- nor the 
narrower-leaved forms in the range of variation in this species but 
is nearest to the intermediate condition. 

2. INFLORESCENCE. The inflorescence does not present the 
close spike with broad-based, sessile bracts, which are so character- 
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istic of the younger flowering shoots of De Vries’s Lamarckiana. 
On the contrary the bracts are narrow and short-petioled and the 
inflorescence is more open, in agreement with grandiflora. 

3. Bups. The buds are not stout as in the Lamarckiana of 
De Vries and the sepal tips are much more attenuate, a distinctive 
character of grandiflora. The form of the buds is exactly as in 
grandiflora, and this character is one of the most important points 
of agreement with this species. The pubescence on the sepals, as 
described by M. Gagnepain, is short; there are not present the 
numerous long hairs from papillae, which are characteristic of De 
Vries’s Lamarckiana. 

4. FLowers. The flowers have the very long and delicate 
hypanthium characteristic of grandiflora. Miss Eastwood reports 
that the petals in a bud dissected by her are entire. This is a 
character typical of neither grandiflora nor the Lamarckiana of De 
Vries, but as stated before, the petals of these forms vary so greatly 
in the degree of their indentation that the character has little if any 
taxonomic value. The length of the petals, between 3 and 4 cm., 
is that of grandiflora and also of certain forms of De Vries’s 
Lamarckiana. The style extends beyond the tips of the anthers 
so that the lobes of the stigma (s, in PLATE 37) are above the latter 
and could not be pollinated in the bud. In these respects the 
flower agrees with both grandiflora and the large-flowered types of 
Lamarckiana in De Vries’s cultures. 

5. CapsuLes. There are apparently no mature capsules on 
the specimen, so direct comparisons are impossible. Since the 
size and form of a capsule depends upon the development of the 
ovules, i. e. upon whether or not the stigma has been fully polli- 
nated, it is unsafe to accept statements of size unless there is 
evidence that sufficient material has been examined. Lamarck’s 
statement that the capsules are short was probably based on 
immature or partially pollinated capsules. His description of the 
capsules as glabrous points to grandiflora; as stated before, the 
capsules of De Vries’s Lamarckiana are decidedly puberulent and 
pilose. 

The characters of Oenothera grandiflora, which appear on the 
herbarium sheet of Lamarck’s plant, and those of the Lamarckiana 
of De Vries’s cultures may be more readily contrasted in the 
following statement. 
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O. grandiflora Solander AND LAMARCK’S 
PLANT 


Flowering stems generally with numer- 
ous approximate branches. 

Stems green above, reddish brown below, 
the papillae at the base of long hairs 
colored like the stem. 

Leaves of upper foliage lanceolate, 

rarely broad, with distinct petioles. 

Inflorescence more open, with narrow, 
petioled bracts. 

Buds not stout, with much attenuated 
sepal tips. Sepals puberulent, some- 
times sparsely pilose. 

Flowers with a long delicate hypan- 
thium. Petals 3-3.5 cm. long. Stig- 
ma lobes above the tips of the anthers. 


O. Lamarckiana FROM THE CULTURES OF 
DE VRIES 

Flowering stems sparsely branched or 
not at all. 

The papillae at the base of the long hairs 
colored red so that the green stem 
appears punctate with red dots. 

Leaves of upper foliage ovate-lanceolate, 
sessile or almost sessile. 

Inflorescence more close, with sessile 
bracts broad at the base. 

Buds stout, with shorter sepal tips, 
Pubescence of sepals a heavy puber- 
ulent and pilose covering. 

Flowers with a stouter hypanthium. 
Petals in some races 4-4.5 cm. long, 
in others 2.5-3 cm. long. Stigma 


lobes in the large-flowered types above 
the tips of the anthers, in the smaller- 
flowered forms at about the level of 
of the anther tips. 


There is another sheet in the herbarium of the Muséum d’His- 
toire Naturelle which is without a name but bears in the hand- 
writing of Lamarck: ‘‘d’Amérique sept. Tige rameuse, haute de 
3a4pieds.” Both M. Gagnepain and Miss Eastwood report that 
this sheet is similar to that of Lamarck’s plant which we have 
described above and shown on PLATE 37. ‘The history of the sheet 
is apparently not known and I have no evidence that it can sately 
be associated with the specimen upon which Lamarck undoubtedly 
based his description. Nevertheless, this sheet may be closely 
related to or even a duplicate of the specimen that served as the 
type for the descriptions of Lamarck and Seringe. 

In summary it may be said that the specimen, which we must 
consider the type of Oenothera Lamarckiana Seringe, presents no 
characters in clear form that are not those of O. grandiflora 
Solander. In not one of the contrasted characters discussed 
above does the specimen agree with the Lamarckiana of De Vries’s 
cultures. The only points in which De Vries’s Lamarckiana may 
be said to resemble this specimen are the size of the petals and 
the position of the stigma, which in the large-flowered forms of 
Lamarckiana is above the tips of the anthers; these are characters 
which grandiflora and De Vries’s Lamarckiana have in common. 
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It is exceedingly fortunate that the plant which serves as the type 
of Oenothera Lamarckiana Seringe should have come down to us so 
well preserved that there is scarcely a doubt of its identity with 
Oenothera grandiflora Solander, introduced into England in 1778. 


SHEET 2. A SPECIMEN OF Oenothera FROM THE COLLECTION OF 
Apst POoURRET 

This specimen (PLATE 38) is of interest for the reason that De 
Vries (1901, footnote to p. 317) believed that it as well as Lamarck’s 
plant agreed with the material of his cultures (“‘Oenothera Lamarckt- 
ana De Vries’’). Buchet (1912) has recently referred the specimen 
to Oenothera suaveolens Desfontaines = O. grandiflora Solander. I 
am unable to agree with either of these opinions and shall present 
evidence that the plant was close to certain forms of Oenothera 
biennis. 

The sheet bears the label HERB. MUS. PARIS. with the state- 
ment at the bottom ‘‘Collection de l’Abbé Pourret, extraite de 
l’Herbier légué par M. le Dr. Barbier. 1847.’’ On this label, 
in the handwriting of Spach are the names ‘‘Onagra vulgaris 
Spach” and ‘‘Oenothera biennis Linné.” At the left is a list of 
old names representing synonymy, copied by Abbé Pourret, and 
below this list his clerk wrote the name Oenothera biennis L. 

De Vries states that the plant was probably collected by Abbé 
Pourret in the garden of the museum at the time of his visit to 
Paris in 1788. M. Gagnepain, however, is not satisfied with 
the evidence for this view and writes that the history of the sheet 
is unknown to him. 

An examination of the specimen itself (PLATE 38) shows the 
following characters. 

I. STEM AND FOLIAGE. The long unbranched stem bears ellip- 
tical, petioled leaves very different from the sessile or almost 
sessile, broad-based leaves of De Vries’s Lamarckiana. The ab- 
sence of approximate flowering branches is against any relationship 
to grandiflora. ‘The appearance of the small buds in the axils of 
the lower leaves is characteristic of some forms of Oenothera biennis. 
The pubescence of the stem is described by M. Gagnepain as very 
like the specimen of grandiflora and not at all like the specimen of 
De Vries’s Lamarckiana sent for comparison. 
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2. INFLORESCENCE. The bracts of the inflorescence are not 
broad at the base and sessile as in the Lamarckiana of De Vries. 
They are narrow-elliptical and short-petioled. 

3. Bups. The size and form of the buds present perhaps the 
most important characters on the sheet. They are short and 
stout, and these characters alone make it impossible that the 
plant could have been O. grandiflora Solander. (Compare PLATE 38 
with PLATE 37.) Forms of O. biennis frequently show these 
peculiarities. The sepals have a greater pubescence than those of 
grandiflora. 

4. Flowers. The flowers are medium-sized, petals probably 
between 2 and 2.5 cm. long. They are not large enough for 
grandiflora or for the large-flowered forms of De Vries’s Lamarck- 
tana. The stigma (s, PLATE 38) appears to be at about the level 
of the anthers, the style not extending well beyond as in the types 
mentioned above. The flowers, in size and in the relation of the 
stigma to the anthers, agree with forms of biennis. 

5. CapsuLes. The capsules appear to be of the biennis type, 
which is similar to that of De Vries’s Lamarckiana. 

In conclusion, the forms of the leaves and bracts distinguish 
this plant of Abbé Pourret from the Lamarckiana of De Vries’s 
cultures. The size and form of the buds, the size of the flowers, 
and the position of the stigma distinguish it from O. grandiflora 
Solander as well as from the larger-flowered forms of De Vries’s 
Lamarckiana. All of the characters: described above are repre- 
sented in the assemblage of forms included under the name Oeno- 
thera biennis. Since we know nothing of the rosette, general habit, 
and lower foliage of this plant, it is quite impossible to follow its 
determination further. 


SHEET 3. SPECIMENS REFERRED BY DE VRIES TO Oenothera 
grandiflora 


The specimens on this sheet (PLATE 39) are so imperfect and 
their form so abnormal that a satisfactory determination of their 
identity is probably impossible. De Vries (1901, footnote to p. 
316) considered them to be Oenothera grandiflora Aiton = O. 
grandiflora Solander (O. suaveolens Desfontaines). 
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The sheet bears a label of Michaux with ‘“‘Ameriq. sept.’’ On 
this label in the handwriting of Desfontaines is ‘‘ Oenothera suaveo- 
lens Hort. Paris.”” Above this name has been written ‘‘ Oenothera 
grandiflora Poiret Encycl.,” and below, Spach wrote “Onagra 
vulgaris grandiflora Spach.”’ A second label bears the name 
“Oenothera grandiflora,” probably in the handwriting of André 
Michaux. M. Gagnepain states that the specimens were im- 
ported as dried plants from North America. The chief interest 
in this sheet lies in the fact that Desfontaines evidently considered 
the specimens to be his own species Oenothera suaveolens. 

Both specimens are entire plants, the smaller about 3.5 dm., the 
larger about 5 dm. in height. They are unbranched and ob- 
viously dwarfed. The leaves are petioled as in grandiflora, but 
those of the smaller plant are much below the average size for this 
species. The stigma (s, PLATE 39) shown in the flower of the 
smaller plant seems to be above the tips of the anthers as in 
grandiflora. The pubescence of the stems and sepals, from notes 
of M. Gagnepain, appears to be somewhat similar to grandiflora; 
it is not that of De Vries’s Lamarckiana. 

There appear to be no characters on these plants that might 
not have been those of O. grandiflora Solander under very unusual 
or abnormal conditions. There is, however, little or nothing in 
these specimens that is typical of grandiflora, and apparently 
nothing that determines a relationship to any other Oenothera. 
It is hardly possible that plants so different from one another grew 
together in the same environment and it seems more probable 
that they were quite unrelated. They remain to us as the flotsam 
of the herbarium, plants of whose precise origin and parentage we 
know nothing. 

DIscussION 

The reader will have noted that throughout this paper the 
name Lamarckiana has been kept strictly for the plant that has 
come down to us from the cultures of De Vries, a plant well known 
to scores of botanists and grown in numerous botanical gardens. 
If this paper has shown that Lamarck’s plant in the gardens of 
Paris at about 1796 or earlier, the type of Oenothera Lamarckiana 
Seringe (1828), was a form of Oenothera grandiflora Solander (1789) 
the former name becomes a synonym of the latter. The Oenothera 


530 Davis: LAMARCK’S EVENING PRIMROSE 


of De Vries’s cultures is left without a name or at least without 
the authority of Seringe. I propose, however, that the name 
“* Oenothera Lamarckiana De Vries” be kept for this plant, which has 
been the subject of such extensive experimental study by De Vries 
and whose origin and behavior is a matter of such great interest 
to the geneticist. . 

The name when written ‘‘ Oenothera Lamarckiana De Vries”’ is 
clear to all who have knowledge of the relation that this plant 
bears to the mutation theory. If there were evidence that “O. 
Lamarckiana De Vries” is or ever was a component of the American 
flora as a native species, there might be some reason to change its 
name. However, the evidence indicates that Lamarckiana has 
come to us greatly modified, that its parentage is far from pure, 
that it is in fact of hybrid origin. We are dealing with the product 
of the garden, and as such the plant may reasonably be exempt 
from a change of name that would carry endless confusion through 
the literature of experimental morphology. Should any taxono- 
mist contemplate the introduction of a new name let him first 
ponder the inscription over the grave of William Shakespeare. 

The introduction of Oenothera grandiflora Solander into England 
in 1778 marked a very important date in the development of the 
Oenothera flora over parts of Europe. This species undoubtedly 
holds the key to many puzzling herbarium sheets and records. 
Botanists do not yet realize how definite is our knowledge of this 
native American species and how clear is our information on its 
history. (See MacDougal, 1905, p. 7.) 

Oenothera grandiflora Solander was discovered by William 
Bartram in 1776 near Tensaw, Alabama, on an expedition under- 
taken at the request of John Fothergill, M.D. Solander’s original 
description in Aiton’s Hortus Kewensis, 1789, from material grown 
at Kew, states that O. grandiflora was introduced by John Fother- 
gillin 1778. A herbarium specimen in the British Museum from 
“Hort. Fothergill 1778’’ makes it evident that Bartram must have 
sent seed to Fothergill. The species still occupies its original 
station in Alabama, where it was rediscovered in 1904, and there 
is abundant herbarium material from this source; also, there are. 
strains under cultivation by myself and others. As striking an 
American novelty as this large-flowered species would naturally be- 
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come widely distributed, which explains its presence in Paris some- 
what earlier than ?1798, when Lamarck’s description was published. 
Escaping from the gardens, the plant has been reported as growing 
wild at various stations in England and France. Following in 
the wake of its distribution to European botanical centers came 
the inevitable description as new species of forms derived from the 
original. Oenothera suaveolens Desfontaines and Lamarck’s plant, 
Oenothera Lamarckiana Seringe, were undoubtedly such deriva- 
tives and must be considered as forms of Oenothera grandiflora 
Solander. 

The identification of Lamarck’s plant with Oenothera grandiflora 
Solander has very greatly modified. the problem of the origin of 
“* Oenothera Lamarckiana De Vries.”” The problem has become far 
more tangible. I have recently (Davis, 1911, p. 226, and 1912, p. 
379) criticized adversely the evidence that has been offered to 
show that Lamarckiana was known previous to 1778 when grandi- 
flora was introduced into England. With Lamarck’s plant 
assigned to grandiflora we pass from the eighteenth century to 
periods when we may hope for more direct evidence than that 
furnished by the old accounts and figures. 

We know that as a cultivated plant handled by seedsmen O. 
Lamarckiana first appeared about 1860, when it was placed on the 
market by the firm of Carter and Company of London, who state 
that their seed came from Texas. The identification by Lindley 
of these plants with O. Lamarckiana Seringe was undoubtedly in- 
correct. I have recently described and figured (Davis, 1912, p. 417) 
certain well preserved specimens of an Oenothera in the Gray Herb- 
arium from a plant grown at Cambridge, Massachusetts, by Dr. 
Asa Gray in 1862. Evidence is there given which indicates that 
this plant held a close genetical relationship to these same cultures 
of Carter and Company, perhaps not more than one or two genera- 
tions removed from the original plants. These specimens show 
characters in part those of De Vries’s Lamarckiana and in part like 
grandiflora. If this plant grown by Dr. Gray was representative 
of the cultures of Carter and Company their plants must have 
differed from the Lamarckiana of today in a number of important 
particulars. I regard this herbarium sheet as the most important 
now known bearing on the problem of the origin of Oenothera 
Lamarckiana. Its relation to the writer’s working hypothesis that 


532 Davis: LAMARCK’S EVENING PRIMROSE 


Lamarckiana arose as a hybrid between biennis and grandiflora has 
been fully discussed in the paper mentioned above. 

Although Carter and Company state that they received their 
seed from Texas, it must be borne in mind that we have at present 
no confirmatory evidence that such a plant as they describe or 
as that represented on the sheet in the Gray Herbarium is native 
in the southern or southwestern United States. Here is a problem 
that well deserves the attention of botanists in these regions, who 
should make every effort to bring such a type to light that seed 
may be sent to the workers in the experimental gardens. If such 
a form grew in Texas no further back than 1860 it may surely be 
expected there today. 

It is possible that the cultures of Carter and Company arose in 
England and that their association with a Texan source may have 
been some mistake on the part of the seedsmen. We have several 
accounts of large-flowered Oenotheras in England at dates previous 
to 1860. The most important and the earliest is that in Smith’s 
English Botany (22: 1534. 1806) with the excellent figure of 
Sowerby. This account describes at this early date (1806) very 
extensive growths of an interesting form on the sand banks along 
the coast a few miles north of Liverpool. At the present day 
““ Oenothera Lamarckiana De Vries”’ and variants from this type are 
established and flourishing over extensive tracts in the same region 
north of Liverpool through the sand hills of Lancashire. It is 
not impossible that the Lamarckiana of Carter and Company may 
have come from such regions. 

The problem of the origin of ‘‘Oenothera Lamarckiana De Vries” 
must be approached from two sides. The English botanists 
have the problem of the history of such an Oenothera flora as 
that of the Lancashire sand hills, and collections should be searched 
with the greatest thoroughness for herbarium sheets that may be 
of assistance in tracing its development. American botanists have 
the problem of the discovery and isolation by cultures of the 
large-flowered Oenotheras throughout the south and west, which 
might have a direct relationship to Lamarckiana or which might 
be one of the parents of a possible hybrid. A good beginning was 
made in the rediscovery of Oenothera grandiflora Solander but 
the search should be pushed further. 


UNIVERSITY OF PENNSYLVANIA. 
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am led to write this paper partly for the reason that the problem 
l of the origin of @xothera Lamarckiana De Vries has in the 
past few months became far more tangible than formerly, but 
chiefly because it seems probable that certain phases of the problem 
can be solved only by studies on the development of certain English 
Cnothera floras. I have then the hope that a brief outline of the 
situation, as it now appears to me, will be of some assistance to 
British botanists interested in the subject. 

Recent studies! clearly indicate that the Lamarckiana of the 
cultures of De Vries cannot be identified with the plant described 
by Lamarck* under the name Atnothera grandiflora from material 
grown in Paris at about 1796 or earlier and renamed by Seringe ° 
Cnothera Lamarckiana. The evidence is very strong that Lamarck’s 
plant (EEnothera Lamarckiana Seringe), was a form of Ginothera 
grandiflora Solander* (O. grandiflora “ Aiton”) introduced into 
England in 1778 from Alabama. 

This disposition of Cénothera Lamarckiana Seringe as a form 
of O. grandiflora Solander relieves our problem from association 
with the early date of 1796 and allows us to pass to later periods 
when we may hope for more direct evidence than that furnished by 


old descriptions and figures, The attempts to establish the presence 


1 Davis, B. M. ‘Was Lamarck's evening primrose (Exaothera Lamarckiana 
Seringe) a form of Gnothera grandiflora Solander?”’ Bull. Torrey Bot. Club, 
vol, 39, p. 519, 1912. 

2 Lamarck. Encyclopédie Méthodique Botanique, vol. 4, p. 554, 21798. 

® Seringe, N.C. De Candolle, Prodromus, vol. 3, p. 47, 1828. 

4 Solander, D. Aiton, Hortus Kewensis, vol. 2, p. 2, 1789. 
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of O. Lamarckiana De Vries in Europe at dates previous to 1796 
are, to the writer, not convincing and have been discussed in previous 
papers.’ Ina recent contribution Gates* abandons his former views 
and admits (pp. 17-19) that the presence of Lamarckiana in Europe 
previous to 1760 is not established. 

Since Cnothera Lamarckiana Seringe becomes a synonym of 
O. grandiflora Solander, I have proposed that the plant of De Vries 
retain the name under which it is known in the extensive literature 
of experimental morphology, but the name must be written Enothera 
Lamarckiana De Vries. In making the above suggestion it should 
be noted that O. Lamarckiana Dé Vries has come down to us as 
the product of the garden through a long history of cultivation and 
that there are good reasons for believing it to be of hybrid origin. 
We have no evidence that the plant is present as a native species 
of any flora. As a garden plant we are apparently justified in giving 
it the name (Enothera Lamarckiana De Vries by Article 50 of the 
nomenclatorial code formulated by the International Botanical 
Congress held in Vienna in 1905. 

There is little doubt that the material of De Vries’s cultures 
was derived, possibly greatly modified, from certain plants placed 
upon the market by the seedsmen Carter and Company of London 
at about 1860. These plants were considered by Lindley to be 
Cnothera Lantarckiana Seringe, but we cannot accept this identifi- 
cation as correct. However, this opinion of Lindley gave the name 
Lamarckiana under which seedsmen are to this day selling a some- 
what heterogeneous mixture of forms. 

The description of the cultures of Carter and Company, 
accompanied by an obviously inaccurate figure, gives us very little 
information on the plants. We are told that they were 3-4 feet 
high, very hardy biennials, and with flowers 4 inches in diameter. 
Carter and Company state that their plants came from seed received 
unnamed from Texas. . 

The problem of the origin of Gnothera Lamarckiana De Vries 
at present largely centers on the probable composition of the cultures 
of Carter and Company, and every effort should be made to bring 
forward evidence on the characters of these plants. The only 


information so far at hand apart from the unsatisfactory description 
1 See Davis, American Naturalist, vol. 45, pp. 226-227, 1911, and vol. 46, 
pp. 379-380, 1912. 


2 Gates, R. R. ‘‘A Contribution to a Knowledge of the Mutating 
Gnotheras.”” Trans. Linnean Society, Botany, vol. 8, Part I, 1913. 


3 The Floral Magazine, vol. 2, plate 78, 1862. 
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and plate in “The Floral Magazine” is that furnished by a very 
important sheet in the Gray Herbarium of Harvard University. 
This sheet I shall again describe and figure in the hope that it may 
lead botanists to make a persistent search for herbarium material 
that may throw further light on the problem. 


Fig. 1. Sheetin the Gray Herbarium of Harvard University. An Gnothera 
grown by Dr. Asa Gray at Cambridge, Massachusetts, in 1862 and probably 
derived directly or indirectly from the cultures of Carter and Company, of 
London, which were distributed under the name Lamarckiana. This plant 
differed from Cnothera Lamarckiana De Vries in the longer internodes of the 
inflorescence, in the larger and more leaf-like bracts, in the more slender form 
of the buds, in the more attenuated sepal tips, and in the longer seed-capsules. 


The sheet in the Gray Herbarium (Fig. 1) holds specimens of 
a plant “ Oe. Lamarckiana” grown in Cambridge, Massachusetts, in 
1862 by Dr. Asa Gray. From records upon the sheet’ it appears 


quite certain that Dr. Gray received seeds from William Thompson 
1 See Davis, American Naturalist, vol. 46, p. 417, 1912. 
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of Ipswich, England, a seedsman who probably obtained from 
Carter and Company their novelty. It is then possible that the 
plant grown by Dr. Gray was not more than one or two generations 
removed from the original cultures of Carter and Company. The 
following is a description of the sheet in the Gray Herbarium 
illustrated by Fig. 1 :— 

I. Stems and Foliage.-The stem bears long hairs arising from 
papillze which are colored red as in Lamarckiana and are about as 
numerous as in that species. The large detached leaf, about 
18-5 cm. long with sinuate margins, slightly lobed below, and with 
some evidence of former crinkles, suggests by its shape (although 
too small) the basal leaves of Lamarckiana, The leaves of the upper 
foliage, short petioled, are not so nearly sessile as those of 
Lamarckiana. 

2. Inflorescence.—The inflorescence has longer internodes than 
in Lamarckiana and consequently is not so compact. The bracts 
are broad at the base, slightly toothed, and persistent, becoming 
large, lanceolate leaves on the fruiting branches: those of Lamackiana 
remain much smaller. 

3. Buds.—The buds are about 9°5 cm. long, not stout and 
4-angled as in Lamarckiana. The sepal tips are more attenuate 
than in Lamarckiana, projecting 1 cm. beyond the folded petals. 
The pubescence upon the sepals consists of long hairs arising from 
papillze among much shorter hairs as in Lamarckiana. 

4. Flowers—The petals are about 4:5 cm. long, as long as 
those of the largest forms of Lamarckiana. The stigma lobes are 
about 8 mm. long, and close to 5 mm. above the tips of the anthers, 
in these respects agreeing with large-flowered forms of Lamarckiana. 

5. Capsules.—The capsules, about 3 cm. long, are longer than 
those of Lamarckiana and not so stout. 

From the above it will be noted that the plant grown by 
Dr. Gray differed from the Lamarckiana of the cultures of De Vries 
in the longer internodes of the inflorescence, in the larger more 
leaf-like bracts, in the more slender form of the buds, in the more 
attenuated sepal tips, and in the longer seed capsules. It would 
profit little to discuss at present whether or not this plant was truly 
representative of the cultures of Carter and Company and whether 
or not their plants became greatly modified during the quarter 
century before the time when De Vries began his studies, at about 
1886, and isolated the form that we know to-day as Ginothera 
Lamarckiana De Vries, 
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What we desire is further information on the composition of 
the cultures of Carter and Company through the discovery of other 
herbarium material of about the same date (1862) as that of the 
sheet in the Gray Herbarium. It will be strange if Dr. Gray proves 
to the only botanist who preserved specimens of the “ Lamarckiana”’ 
placed on the market by Carter and Company. There should be 
made a persistent search through herbaria to bring forward any 
specimen that may throw light upon the problem. Thisis a matter 
in which it would seem that the British botanists can render a 
great service. 


Another feature of the problem concerns the development of 
some remarkable Cnothera floras in parts of England composed in 
greater part of O. Lamarckiana or variants from this type. 


It is surprising how common have become Lamarckiana-like 
forms in England. During the past three years several English 
botanists have kindly replied to my request for seed of broad-leaved 
forms of Ginothera biennis with green stems bearing red papilla at 
the base of Jong hairs. From the seed sent to me I have grown 
eleven different cultures in the hope of finding a type of biennis 
which in the past I have greatly desired as a parent for a cross 
with O. grandiflora. All of these cultures have proved to be forms 
essentially Lamarckiana as to habit, foliage and stem coloration, 
but with smaller flowers than is usual for De Vries’s plant. They 
correspond very closely and some of them are indistinguishable 
from the small-flowered races of Lamarckiana which I have 
differentiated from material of De Vries.! They were not at all 
the forms of biennis that I hoped to obtain, and could not be used 
in my experimental work. 


The type of biennis that I wish should agree closely in 
morphology with the biennis of the sand dunes of Holland, but it 
should have the stem coloration characteristic of Lamarckiana, i.e., 
the green portions of the stems should be punctate with red papillee 
at the base of the long hairs. The Dutch dzennis has as far as we 
know a clear green stem above, but it would not be surprising if a 
form should be found with the stem coloration of Lamarckiana, 
since races of American biennis occur differing only in the presence 
or absence of red coloration in the stem papillae. Seeds of a type 
agreeing with the Dutch biennis have been sent to me from the 
botanical garden of Cambridge University and presumably the plant 


1 See Davis, American Naturalist, vol. 46, p. 383, 1912. 


238 Bradley Moore Davis. 


a 


is not uncommon in England. De Vries‘ reports (p. 32) that it is 
present on the sand hills of Lancashire. 

This plant which I have referred to as the Dutch biennis, so 
well known through the studies of De Vries, is perhaps the most 
important type in the biennis assemblage of races and should be 
familiar to all students of cenotheras. It is very old having 
apparently been on the sand dunes of Holland since pre-Linnean 
times. Bartlett? has recently brought forward strong reasons for 
regarding the plant as the form known to Linnzeus as Znothera 
biennis and consequently to be regarded as the type-form of the 
species. Itis very important that British botanists should endeavour 
to trace the history of this species in England and its relations to 
the present Gnothera floras. I shall be glad to supply seeds of the 
plant to anyone interested in the study. 

To return to the specific problems of the origin and development 
of Lamarckiana floras in England the most important and historically 
the most interesting flora seems to be that of the Lancashire sand 
hills north of Liverpool. From the studies of several botanists it 
appears that over an extensive area O. Lamarckiana De Vries occurs 
mixed with variants from the type proper. It is reported by Gates 
(lc. 1913) that O. grandiflora is also present with the Lamarckiana 
and we have De Vries’s statement (I.c. 1912) that the Dutch biennis 
(O. biennis Linnzus) is in the same region. The studies of Gates 
(l.c. 1913) clearly show that among the types there is a large amount 
of hybridization and consequently a very complex mixture of forms 
differing among themselves in many respects. 

We know that a conspicuous Cexothera flora was present on 
the sand hills of Lancashire before 1806,5 and the problem is briefly 
the determination of its original character and the tracing of its 
modification or development down to present times. The account 
by Smith in the “ English Botany” (1806) together with the 
accompanying figure of James Sowerby’s indicate a biennial plant, 
2-3 feet high, a stem “rough with minute tubercles,” leaves broad 
and the lower decidedly crinkled, flowers with petals about 3 cm. 
long (if drawn natural size), and stigma lobes slightly above the tips 
of the anthers. There is no mention of red coloration in the stem 
tubercles which suggests a plant with green stems as in the Dutch 

1 De Vries H. ‘* Die Mutationen in der Erblichkeitslehre.’’ Berlin, 1912. 


2 Bartlett, H.H. ‘The Delimitation of Gnothera biennis L.’’ Rhodora, 
vol. 15, p. 48, 1913. 


3 English Botany, vol. 22, p. 1543 1806. 
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biennis and if the petals were really no more than 3:cm. long the 
flower size was also closer to this species than to the large-flowered 
forms of Lamarckiana, On the other hand the stigma lobes figured 
somewhat above the tips of the anthersare in a position more like 
that in Lamarckiana than in the Dutch biennis where the stigma 
lobes lie below the tips of the anthers and pollination takes place 
before the opening of the bud. 

In the third edition of the “English Botany” Syme! gives a 
description of “ Ginothera biennis Linn.” and states it to be “now 
perfectly established on the Lancashire coast, at Crosbie, near 
Liverpool, and occuring -occasionally throughout Britain, but 
generally an outcast from gardens,” The description of this plant 
is accompanied by a somewhat different figure from that in the 
edition of 1806, but the two figures agree in all essentials of structure. 
The figure and description indicate a plant 2-3 feet high, rosette 
leaves oblanceolate-elliptical 6 inches to 1 foot long, stem leaves 
elliptical 3-6 inches long, all leaves short petioled and with thick 
white midribs, repand denticulate ; flowers with petals 1} to 14 inch 
or more across (about 3-4 cm.), stigma lobes figured somewhat 
above the tips of the anthers; “ plants dull green, sub-glabrous, 
with the stem, calyces, petioles, midribs, and margins of the leaves 
more or less hairy.” In this account, also, as in that of the first 
edition (1806) there is no mention of that stem coloration character- 
istic of Lamarckiana, i.e., red papille on green portions of the stem. 
This point together with the statement that the plant is dull 
green suggests the Dutch biennis but the large petals and the 
position of the stigma indicate a plant with flowers more like those 
of Lamarckiana. 

It ought at least to be possible to determine through herbaria 
whether or not the “ Gnothera biennis” described in the different 
editions of the “‘ English Botany” is the same form or one similar 
to the Dutch biennis which probably represents the Ginothera biennis 
of Linnzus. It ought to be possible to obtain evidence through 
herbaria for or against the possibility of the presence in England 
of O. Lamarckiana De Vries at a date as early as 1806 or at least 
previous to.1860. There should be some direct evidence whether 
or not O. Lamarckiana was first introduced into England through 
the cultures of Carter and Company at about 1860 and whether or 
not its appearance on the sand hills of Lancashire is of an earlier 
or a later date. 


1 English Botany, Third Edition, vol. 4, p. 24, 1865. 
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I have certain views on the subject but my purpose is not to 
present them at this time but to plead that a strong effort be made 
to fix the approximate date of the appearance in British 
Cnothera floras of the biennis of Linnzeus (probably represented by 
the Dutch plant) and of O. Lamarckiana De Vries. The characters 
that are likely to be most helpful in distinguishing these species on 
herbarium sheets are :— 

1. The presence in Lamarckiana and absence in the Dutch 
biennis (so far as is known) of red in the stem papilla. It must be 
borne in mind, however, that some races close to the biennis of 
Linnzus have the stem coloration of Lamarckiana. 

2. The size of the petals, 4-4:5 cm. long in the large-flowered 
forms of Lamarckiana and 2-2:5 cm. long in the Dutch biennis. 
There are small-flowered races of Lamarckiana the petals of which 
are of about the same size as those in the Dutch biennis. 

3. The position of the stigma 5-7 mm. above the tips of the 
anthers in the large-flowered Lamarckiana (open pollinated) and 
well below in the Dutch biennis (close pollinated in the bud), The 
small-flowered races of Lamarckiana sometimes present the stigma 
in a lower position more like that of the Dutch biennis. 

4. The coloration of the sepals, sometimes streaked with red 
in Lamarckiana but normally green in the Dutch biennis. 

De Vries has suggested that what I have termed the small- 
flowered forms of Lamarckiana may be hybrids between the large- 
flowered type and Ddiennis, but it is also possible that they are 
variants from Lamarckiana, itself a hybrid. It seems most unlikely 
that Great Britain has no herbarium sheets that can throw light 
on these problems. 

Most interesting from my standpoint is the problem of the first 
appearance in England of the progenitors of O. Lamarckiana De 
Vries. Were they certainly first introduced through the cultures 
of Carter and Company, about 1860, or were they in England and 
perhaps on the sand hills of Lancashire previous to this date? Is 
it possible that the plants of Carter and Company came not from 
Texas but from some part of England, perhaps from the very sand 
hills of Lancashire? There certainly should be in British herbaria 
some evidence on these questions. 

It seems to be impossible to determine with exactness what 
are the forms under consideration in some of the descriptions 
published at dates of great importance to our problem, and that is 
why I have laid so much importance upon herbarium material. 
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Thus Don’ described in 1832 “q:, biennis” from “sand banks on 
the coast of Lancashire ”’ and noted that it “ is common in gardens 
and often escapes from thence into rich waste ground,” but the 
statements “ flowers large” and “ delicately fragrant” are relative 
matters and we cannot be certain from this or other parts of the 
account whether the plants were nearest to Lamarckiana De Vries 
or to forms of biennis such as that from Holland (the biennis of 
Linnzus). Lindley* in 1833 gave an account of © (Znothera 
biennis var. grandiflora” and stated it to be “not uncommon in 
gardens,” The figure of this plant shows petals drawn about 
3.5-4 cm. long, as large as those of Lamarckiana De Vries, but a 
basal or perhaps a rosette leaf is too narrow for Lamarckiana, nor 
will it do for the Dutch biennis or for grandiflora. The bracts are 
figured broad at the base and sessile as in both Lamarckiana and 
biennis, but the inflorescence with long internodes is not as in those 
species but is more like that of grandiflora; the bracts, however, 
are not those of grandiflora. These contradictions are most puzzling, 
but may there not be specimens preserved at this period which will 
clear the obscurity. 

I am aware that the Ginothera floras in other parts of England 
offer opportunities for investigation that should not be overlooked 
in the study of the problems presented in this paper. I have, 
however, confined my suggestions to the remarkable assemblage on 
the sand hills of Lancashire for the reason that this region seems 
to be best known and to have been under observation for the 
longest period. 


1 Don, George. A General System of Gardening and Botany, vol. 2, 
p. 685, 1832. 


2 Lindley, John. CEnotheva biennis; var. grandiflora. Edwards’s Botanical 
Register, vol. 6, p. 1604, 1833. 
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A MUCH DESIRED OENOTHERA 


BRADLEY MOORE DAVIS 
University of Pennsylvania, Philadelphia, Pa. 


This paper is written to bring to the attention of botanists in 
the southwestern part of the United States a problem of impor- 
tance and great interest. It is the problem of the origin of Oeno- 
thera Lamarckiana De Vries. 

It seems clear from evidence recently brought forward! that 
the Lamarckiana of De Vries’s cultures is not the same plant as 
that described by Lamarck? under the name Aenothera grandi- 
flora from material grown in Paris at about 1796 or earlier, and 
renamed by Seringe* Oenothera Lamarckiana. The plant of Lam- 
arck seems to have been a form of Oenothera grandiflora Solander! 
(O. grandiflora ‘‘Aiton’’) introduced into England in 1778 from 
Alabama. 

The material of De Vries’s cultures which I have proposed shall 
bear the name Oenothera Lamarckiana De Vries (since O. Lam- 
arckiana Seringe passes into the synonomy of O. grandiflora 
Solander) has with little doubt come down to us, possibly greatly 
modified, from certain plants placed upon the market by the seeds- 
men Carter and Company of London at about 1860. 

The description of the cultures of Carter and Company is not 
sufficiently detailed to allow us to form a picture of their plants 
further than that they were 3 to 4 feet high, very hardy, and with 
flowers 4 inches in diameter. The figure published with the de- 
scription’ is of an impossible Oenothera. Carter and Company 


1 Davis, B. M., Was Lamarck’s evening primrose (Oenothera Lamarckiana Ser-- 
inge) a form of Oenothera grandiflora Solander? Bull..Torr. Bot. Club, 39: 519, 
1912. 

2Lamarck, Encyclopédie Méthodique Botanique, 4: 554,? 1798. 

3 Seringe, N. C., De Candolle, Prodromus, 3: 47, 1828. 

* Solander, D., Aiton, Hortus Kewensis, 2: 2, 1789. 

5 The Floral Magazine 2: pl. 78, 1862. 
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report that their cultures came from seeds received unnamed from 


Texas. 
Now we have no evidence to dispute the statement that these 


seeds came from Texas and we certainly have reason to feel hope- 


Fig. 1. Sheet in the Gray Herbarium of Harvard University. An Oenothera 
grown by Dr. Asa Gray at Cambridge, Massachusetts, in 1862, and probably de- 
rived directly or indirectly from the cultures of Carter and Company of London, 
which were distributed under the name of 0. Lamarckiana. 


ful that if these plants grew in Texas,further back than 1860 they 
will still be present in the southwest. } It is of course possible that 
the seedsmen made some mistake and that their seeds came not 
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from Texas but from some part of England where large-flowered 
oenotheras were recorded at dates much earlier than 1860. That, 
however, is a problem for the English botanists. It is plainly the 
responsibility of American botanists to make every effort to bring 
forward any form that may throw light on the source of the cul- 
tures of Carter and Company. 

There is fortunately in the Gray Herbarium a sheet (fig. 1) 
which contributes much more information on the probable com- 
position of the cultures of Carter and Company than the brief 
description and obviously inaccurate plate of the Floral Magazine. 
The specimens on the sheet are from a plant grown in Cambridge, 
Massachusetts in 1862 by Dr. Asa Gray. From the records upon 
the sheet® it appears quite certain that Dr. Gray received the 
seeds from William Thompson of Ipswich, England, a seedsman 
who probably obtained from Carter and Company their new 
novelty. It is then possible that the plant grown by Dr. Gray 
was not more than one or two generations removed from the 
original cultures of Carter and Company. 

The following is a brief description of the specimens on the sheet 
in the Gray Herbarium illustrated by figure 1. 


1. Stems and Foliage. The stem bears long hairs arising from papillae which are 
colored red as in Lamarckiana and are about as numerous as in that species. The 
large detached leaf, about 18.5 cm. long with sinuate margins, slightly lobed below, 
and with some evidence of former crinkles, suggests by its shape (although too 
small) the basal leaves of Lamarckiana. The leaves of the upper foliage, short 
petioled, are not so nearly sessile as in Lamarckiana. 

2. Inflorescence. The inflorescence has longer internodes than in Lamarckiana 
and consequently is not so compact. The bracts are broad at the base, slightly 
toothed, and persistent, becoming large lanceolate leaves on the fruiting branches; 
those of Lamarckiana remain much smaller. 

3. Buds. The buds are about 9.5 cm. long, not stout and 4-angled as in Lamarck- 
tana. The sepal tips are more attenuate than in Lamarckiana, projecting 1 cm. 
beyond the folded petals. The pubescence upon the sepals consists of long hairs 
arising from papillae among much shorter sessile hairs as in Lamarckiana. 

4, Flowers. The petals are about 4.5 cm. long, as long as those of the largest 
forms of Lamarckiana. The stigma lobes are about 8 mm. long, and close to 5 mm. 
above the tips of the anthers, in these respects agreeing with large-flowered forms 
of Lamarckiana. 


6 See Davis, Am. Nat. 46: 417, 1912. 
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5. Capsules. The capsules about 3 cm. long, are longer and not so stout as those 
of Lamarckiana. 

The plant grown by Dr. Gray differed from the Lamarckiana of 
the cultures of De Vries in the longer internodes of the inflores- 
cence, in the larger more leaf-like bracts, in the form of the buds, 
in the much attenuated sepal tips, and in the longer seed cap- 
sules. There would be little profit in discussing at present 
whether or not this plant was truly representative of the cul- 
tures of Carter and Company and whether or not their plants 
became greatly modified during the quarter century before the 
time when De Vries began his studies at about 1886, and isolated 
the form we know today as O. Lamarckiana De Vries. 

What we desire is information on all of the tall oenotheras of 
the south and west that have large flowers (petals 3 to 4 cm. long) 
and broad leaves. We wish to know whether any of them resem- 
ble the Lamarckiana of De Vries’s cultures. We wish to know 
whether any of them resemble the specimens of the plant grown 
by Dr. Gray. One species of the south, Oenothera grandiflora, 
from Alabama is fairly well understood; does this species grow 
in Texas? In California and Arizona are forms usually desig- 
nated O. Hookert; do any of these grow in Texas? 

A few words to the field botanist will not be out of place. For 
this problem the mere observation or collection of an herbarium 
specimen without seeds is worse than useless. We can have no 
certainty as to the characters of an individual plant unless its 
seeds have been grown in large cultures; it may be a chance hybrid. 
Preferably flowers should be hand pollinated and then protected 
by paper bags until withered. When this is not possible ripe 
capsules should be gathered always from the same plant upon 
which observations are made. ; 

A recent experience of the writer will illustrate the reason for 
the cautions expressed above. In January, 1912, Mr. H. H. 
Bartlett sent me seeds of an Oenothera which he had in cultivation 
and which seemed to be very close to Lamarckiana De Vries, if not 
identical with it. His cultures came from seeds of a plant which 
grew near Boulder Creek, Santa Cruz County, California and was 
collected by Prof. C. P. Smith (No. 2320). Prof. Smith had 
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written “my 2320 was taken at the edge of a vacant, unkempt lot 
in town (Santa Cruz) and may very well have escaped from culti- 
vation, though none of the plant was in evidence in cultivation 
roundabout as far as I noticed.” 

The writer grew in 1912 a culture of 106 plants from this Santa 
Cruz material. As young rosettes the culture presented a diverse 
assemblage; about 3 of the rosettes were Lamarckiana-like, about 


Vig. 2 Fig. 3 
Fig. 2. Mature rosette of Oenothera Lamarckiana De Vries. There are also 
forms with broader leaves more closely clustered. 
Fig. 3. Mature plant of a large-flowered form of Oenothera Lamarckiana De 
Vries. 


+ had leaves much narrower and more loosely clustered than in 
Lamarckiana and between these types was a wide range of inter- 
mediates. The differences became more conspicuous as the cul- 
ture matured and finally the following types were distinguished 
in a careful analysis made by Mr. Bartlett: 


Type I. Oenothera Lamarckiana. Leaves crinkled, stems green with red 
papillae at the base of long hairs, buds both viscid-pubescent and pilose. 44 plants. 

Type II. Differed from Type I in that the longer flowering side branches were 
red above, although the main stem was clear green. 5 plants. 

Type III. Differed from Type I only in having red stem coloration. 6 plants. 

Type IV. Differed from Type I only in the intensely red sepals (a character 
of O. rubrinervis). 2 plants. 

Type V. Differed from Type I in having the red stem coloration of Type III 
and the intensely red sepals of Type IV. 1 plant, rubrinervis-like. 


150 BRADLEY MOORE DAVIS 


Type VI. Differed from Type I in having plane leaves. 1 plant. 

Type VII. Differed from Type I in its narrow, plane leaves with red veins. 
2 plants. 

Type VIII. Similar to Type VII except for intensely red Samia: 1 plant. 

Type IX. Leaves crinkled, stems clear green (papillae at the base of long hairs 
not red asin Type I). 4 plants. 

Type X. Leaves crinkled, stem clear green as in Type IX, buds viscid-puberu- 
lent only, not pilose. 38 plants. . 

Type XI. Differing from Type X in that the lower leaves were red-veined. 
1 plant. 

Type XII. Differed from Type X in having a red stem and the lower leaves 
red-veined. 1 plant. 


To one familiar with hybrids of Oenothera the behavior of the 
plant from Santa Cruz in this culture can have but one interpre- 
tation. The plant could not have been representative of a pure 
species. It must have had a germinal constitution of mixed 
parentage (heterozygous), or, in other words, it must have been 
of hybrid origin. No plant of an approximately uniform germinal 
constitution (homozygous) would have thrown off such a variety 
of types differing in such clear cut characters. 

This culture thus illustrates the necessity of testing experimen- 
tally any plant which may be supposed to present evidence that 
Oenothera Lamarckiana occurs in the American flora as a native 
species. The discovery of the Santa Cruz plant suggested the 
possibility that Lamarckiana grows wild in California. The cul- 
ture from its seeds showed that’ the plant was hybrid in character 
and consequently was not representative of a native species. 
Its history is not known but we suspect that the plant was a 
garden escape from Lamarckiana (frequently grown for ornamen- 
tal purposes) which had hybridized with some other species of 
the neighborhood. It was certainly not pure Lamarckiana be- 
cause of the very great number and variety of the different types 
thrown off in the culture. 

A brief description of Oenothera Lamarckiana De Vries together 
with some photographs illustrating its most important characters 
will be given for those who are not familiar with the plant. 


1. Rosettes. The mature rosette (fig. 2), 4 to 5 dm. broad, consists of broadly 
elliptical or spatulate leaves with sinuate margins, irregularly toothed below, and 
very strongly crinkled. There are forms of Lamarckiana with broader leaves, 
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shorter petioled, and more closely clustered than in the example shown by the 
photograph. 

2. Mature plant. The mature plant (fig. 3), about 1.5 m. high, has normally a 
strong central stem from the base of which grow long side branches, about 1 m. 
long, and shorter branches are usually present about midway up the central stem. 
Flowering portions of the stem are usually unbranched. Red papillae at the base 
of long hairs give the upper green portions of the stem a very characteristic color- 
ation. The foliage on upper portions of the plant (fig. 4) consists of ovate-lanceo- 
late leaves, short petioled or almost sessile, and crinkled. 


Fig. 4. Side branch of a large-flowered form of Oenothera Lamarckiana De 
Vries, with a leaf from the lower portion of the main stem. 
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3. Inflorescence. The close inflorescence (fig. 4) has sessile bracts, broad at the 
base, early in the season equalling or exceeding the length of the young buds; later 
in the season the bracts may be much shorter. 

4, Buds. The buds in the largest-flowered forms of Lamarckiana (fig. 4) are 
8 to9cm.long. The cone is stout and 4-angled. The sepals are green, in some 
forms streaked with red; sepal tips thick or not markedly attenuate. The pubes- 
cence on sepals, a heavy pilose and puberulent covering, consists of long hairs 
arising from papillae among numerous short sessile hairs. Inthe smaller-flowered 
forms the buds are from 7 to 8 cm. long and correspondingly smaller in their parts. 

5. Flowers. The largest-flowered forms have petals 4 to 4. 5cm. long, and stigma 
lobes 5 to 7 mm. above the tips of the anthers. The smaller-flowered forms have 
petals 2.5 to 3 cm. long and frequently the stigma lobes are about on a level with 
the tips of the anthers. The ovaries bear red papillae at the base of long hairs. 

6. Capsules. The capsules vary in shape, in some forms being stout and rela- 
tively short, about 2 cm. long; in other forms more attenuate and about 3 cm. 
long. ; 


Some remarks will not be out of place on the reason why the 
problem of the origin of Oenothera Lamarckiana is a matter of 
such great interest. As is well known the evidence for the muta- 
tion theory of De Vries rests chiefly upon the behavior of Lam- 
arckiana in throwing off marked variants (‘‘mutants’’) in suc- 
cessive generations. De Vries assumed that Lamarckiana was 
a native American species and interpreted its behavior as the giving 
rise to new species through the sudden appearance of wide varia- 
tions (saltations). Many botanists are critical of the interpre- 
tation of De Vries and hold that Lamarckina is not representative 
of a wild species but is, on the contrary, of hybrid origin, and that 
its behavior illustrates the phenomenon of the splitting of a hybrid 
into diverse forms. So far no clear evidence has been presented 
that Lamarckiana is or ever was the component, as a wild species, 
of any native flora, but it is only fair to state that the southern 
and western United States have not been thoroughly explored. 
This is why we hope that botanists of these regions will push 
the search with vigor. 

For the view that Lamarckiana is hybrid in character there is 
evidence from experimental studies upon the plant itself, the lat- 
est and best of which are described in a recent paper of Heribert- 
Nilsson.?. There are also the experimental studies of the writer? 

7 Heribert-Nilsson, N., Die Variabilitat der Oenothera Lamarckiana und das 


Problem der Mutation. Zeitsch. ind. Abstam. u. Vererbungslehre, 8: 89, 1912. 
8 See Davis, Am. Nat. 46: 193, 1911, and 46: 377, 1912. 
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on hybrids between O. grandiflora and forms of O. biennis which 
show points of resemblance to Lamarckiana and behave in a 
manner similar to Lamarckiana when grown through second and 
third generations. If forms resembling Lamarckiana are found 
growing wild in any part of America the mere record of their ob- 
servation will be in no sense conclusive that the plant represents 
a wild species. Its progeny must be tested through experimental 
cultures, and their behavior alone will determine the character of 
the original plant as in the case of the cultures just described from 
the Santa Cruz plant. This is why we emphasize the importance 
of checking field observations by experimental studies and empha- 
size the necessity of collecting seed from any plant under observa- 
tion. * 

In conclusion the writer expresses the hope that botanists will 
codperate with him in the study of the problems outlined above. 
He hopes that observations will be promptly reported and speci- 
mens sent to him and above all that seeds will be collected from 
any plant that resembles Lamarckiana or the specimens on the 
sheet in the Gray Herbarium. I shall be very glad to furnish 
seed of Lamarckiana to anyone who wishes to grow the plant and 
thus to become familiar with its characters. 
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Much of the advance which has been made in genetics and 
practical breeding during the last decade has been a direct result 
of the promulgation by Dr Vries of the theory of the origin of 
species and varieties by mutation. That recessive Mendelian 
variations originate singly by mutation has been shown by several 
investigators, notably by Morcan, who has observed the origin of 
more than 150 such variations in his cultures of Drosophila. Many 
opponents of the mutation theory deny, however, that progressive 
mutations ever occur in homozygous strains, or that true species, 
differing from the parent in several independent characters, have 
ever been observed to originate at a single step by mutation. 
Davis,? for example, is in accord with the mutationists in regarding 
Oenothera gigas as a marked progressive mutation of specific rank, 
but he denies that Oenothera Lamarckiana, the parent form of O. 
gigas, is homozygous. The facts (1) that O. Lamarckiana is not 
known as a native component of any flora, (2) that its known history 
has been that of a cultivated plant or an escape from cultivation, 


t Published by permission of the Secretary of Agriculture. 


2Davis, B. M., Cytological studies on Oenothera. III. A comparison of the 
reduction divisions of Oenothera Lamarckiana and O. gigas. Ann. Botany 25:941-974. 
1gt1. “‘Oenothera gigas is a progressive mutant, its peculiarities being clearly asso- 
ciated with the changes in its germ plasm incident upon the doubling of its chromosome 


number”’ (0p. cit. p. 974). . 
I 
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and (3) that its habit of throwing off marked germinal variations 
is paralleled by the behavior of certain interspecific hybrids in the 
F, and F; generations seem to Davis? a sufficient indication that 
this plant is of comparatively recent hybrid origin, and that its 
mutations are due to germinal instability resulting from hybridiza- 
tion. He holds that the germinal variations of O. Lamarckiana 
and of various hybrids which he has studied show marked pro- 
gressive evolution which seemingly cannot be accounted for on a 
Mendelian basis. Although he does not deny that slight discon- 
tinuous variations may occur in homozygous strains (and he insists 
that the term mutation ought to be used only for such variations), 
he is of the opinion that variations large enough to be of evolu- 
tionary significance occur rarely if at all except in heterozygous lines. 

Gates‘ does not believe that O. Lamarckiana is a recent inter- 
specific hybrid, but does ascribe its mutations to germinal insta- 
bility caused by occasional random crossing with other types. In 
their main conclusion, that when germinal variation occurs it 
usually follows crossing, Davis and GATES appear to agree. GATES, 
however, is more emphatic than Davis in his conclusion that muta- 
tion in Oenothera is not merely a result of Mendelian redistribution 
of unit characters, but is a distinct type of variation. He believes, 
moreover, that mutation sometimes takes place in pure as well as 
in hybrid lines. Since the phenomena are identical in the two cases, 
he has laid especial stress on the fact that there is no excuse for 
confusing mutation, when it occurs in hybrids, with any type of 
Mendelian segregation. 

3 Davis, B. M., Genetical studies on Oenothera. II. Amer. Nat. 45:193-233. 
tg11; III. Ibid. 46:377-427. 1912; IV. Ibid. 47:449-476, 547-571. 1913. 

4Gartes, R. R., Mutation in Oenothera. Amer. Nat. 45:577-606. 1911. 
, A contribution to a knowledge of the mutating Oenotheras. ‘Trans. 
Linn. Soc. Lond. II. Bot. 8:1-67. 1913. 
, Tetraploid mutants and chromosome mechanisms. Biol. Centralbl. 
33:92-99, II3Z-150. 1913. 

5In this author’s last paper he says: “The cytological evidence shows that 
germinal changes may and do occur which are independent of all the laws of hybrid 
combination and hybrid splitting. This generalization is of more fundamental signifi- 
cance than might at first appear; for it shows that mutation in Oenothera is a process 
sui generis, and that no amount of hybrid combination and splitting, Mendelian or 
otherwise, is sufficient to account for it.” Garzrs, R. R., Breeding experiments which 


show that hybridization and mutation are independent phenomena. Zeitschr. Ind. 
Abstammungs- u. Vererbungslehre 11: 209-279. 1914. 
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HERIBERT-Nitsson’ has, made the first serious effort to explain 
the variations of Oenothera Lamarckiana on a strictly Mendelian 
basis. He does not hold with Davis that this species is necessarily 
of hybrid origin, but rather that it is a collective species, embracing 
a number of different strains which constantly cross among them- 
selves. Consequently he assumes that the mutation phenomena 
do not exemplify progressive and regressive species formation, 
but merely the synthesis of new combinations from factors already 
existing within the species. 

Although it is by no means true, as some critics seem to imply, 
that the mutation theory must stand or fall on the evidence derived 
from Oenothera, it must nevertheless be admitted that failure to 
find a parallel among other more fortunately chosen species of this 
genus to the mutation phenomena shown by O. Lamarckiana 
would discredit, if not invalidate, much of the direct evidence of 
mutation which has been so laboriously won by DE Vries. Davis? 
has said that “it is evident that the adherents of the mutation 
theory are sensitive to the doubts freely expressed concerning the 
status of Oenothera Lamarckiana, the behavior of which in throwing 
off marked variants is cited as the most important evidence for 
the origin of species by mutations... .. Consequently, muta- 
tionists are likely to bring forward as rapidly as possible any evi- 
dence that may seem to indicate the appearance of clear inheritable 
variations of a marked character in forms of pure germinal con- 
stitution, i.e., in homozygous material.” 

It is the object of this paper to present additional evidence of 
mutation in Oenothera, derived from one of the small-flowered, 
self-pollinating wild American types. Before proceeding farther, 
however, it should be stated that a considerable body of similar 
evidence has already been obtained. 

De Vries® and Stomps?® have twice observed the origin of a 
dwarf variety of O. biennis by mutation, once in a pure line of 


6 HERIBERT-Nitsson, N., Die Variabilitat der Oenothera Lamarckiana und das 
Problem der Mutation. Zeitsch. Ind. Abst. u. Vererb. 8:89-231. 1912. 
, Oenothera Problemet. Svensk. Bot. Tidskr. 7": pp. 16. 1913. 
7 Davis, B. M., Mutations in Oenothera biennis L? Amer. Nat. 47:116-121. 1913. 
§ Dr Vries, H., Die Mutationen in der Erblichkeitslehre. pp. 28-30. 1912. 
, Gruppenweise Artbildung. pp. 299-306. 1912. 

9 Stomes, THEO. J., Mutation bei Oenothera biennis L. Biol. Centralbl. 32:521- 
535. 1912. 
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O. biennis var. leptomeres,® and once in,a cross between this variety 
and typical Oenothera biennis, from which var. leptomeres itself 
doubtless arose by mutation. Sromps has also described O. 
biennis mut. semigigas from the same culture of O. biennts var. 
leptomeresXO. biennis which gave rise to the dwarf. A recent 
letter from Professor DE Vries (dated May 16, 1914) states 
that mutations from O. biennis are still being obtained at 
Amsterdam. 

Sromps™ has just published a second report on mutations in O. 
biennis. He records the origin by mutation, in a pure line, of 
O. biennis var. sulfurea De V. (long known as a wild component of 
the Dutch flora), together with mut. nanella and mut. semigigas. 
Gates” has likewise announced the discovery of mutations (O. 
biennis lata, O. biennis laevifolia, O. biennis rubrinervis) from O. 
biennis, but has not yet published a full account of his cultures. 
Finally, DE Vries has obtained two different mutations, O. salict- 
folia and O. salicastrum, from wild seed of a strain of the self- 
pollinating O. biennis ‘“‘ Chicago” which he collected near Courtney, 
Missouri; and the writer™ has given a preliminary account of 
Oenothera stenomeres mut. lasiopetala,> a hairy-petaled derivative 
of one of the small-flowered cruciate Onagras. 


0 Oenothera biennis var. leptomeres Bartlett. Amer. Jour. Bot. 1:242. 1914= 
Ocnothera biennis var. cruciata De Vries, not T. & G. 

1 Stomps, THEO. J., Parallele Mutationen bei Oenothera biennis L. Ber. Deutsch. 
Bot. Gesells. 32:179-188. 1914. 

2 Gates, R. R., Parallel mutations in Oenothera biennis. Nature 89:659-660. 
IQI2. 

13 Since the above was written, an account of the cytology of O. biennis mut. lata 
has been received. See Gates, R. R., and THomas, Nesta, A cytological study of 
Oenothera mut. lata and O. mut. semilata in relation to mutation. Quar. Jour. 
Micr. Sci. 59:523-571. 1914. 

™ BarRTLETT, H. H., An account of the cruciate-flowered Oenotheras of the sub- 
genus Onagra. Amer. Jour. Bot. 1:226-243. 1914. 

ts By an unfortunate oversight this name was published in Amer. Jour. Bot. as 
O. stenopetala mut. lasiopetala. The writer had originally used the name O. stenopetala 
for the species which was described as O. stenomeres. After the manuscript had been 
submitted to the editor, a change was made necessary by the publication of O. steno- 
petala Bicknell, Bull. Torr. Bot. Club 41:79. 1914. In one place the original name 
escaped notice and was not corrected. It is hoped that the error will not lead to any 
confusion. 
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It is shown in this paper (1) that the phenomena of mutation 
are as characteristic and as easily observed in one of the wild 
small-flowered self-pollinating Onagras as in Oenothera Lamarckiana, 
(2) that the mutations show characters unlike those of any other 
form with which the parent could have crossed; and (3) that the 
mutations cannot be ascribed to Mendelian segregation as at 
present understood. It therefore seems in the highest degree 
probable that mutation is a phenomenon which is independent of 
hybridization, and that the evidence of mutation which DE Vries 
has found in Oenothera Lamarckiana is just as valid as though 
that species were known as a wild plant and not suspected of 
having had a horticultural origin. 


Differential germination 


Several of the most interesting mutations which were observed 
during the season of 1913 were found quite by chance. One lot 
of potting soil, in which the seeds of several strains were sown, 
proved to be a very stiff clay on which a hard crust formed. 
Germination was so poor that in several cases less than a dozen 
seedlings resulted from sowing perhaps a thousand or more seeds. 
It was afterward found that the seeds showed the usual per- 
centage of germination when sown in good soil. In three different 
species the small progenies obtained when the seeds were planted 
under unfavorable conditions disclosed striking mutations, which 
had survived as a result of differential or selective germination. 
These mutations might easily have been overlooked in a seed pan 
containing several hundred seedlings, of which only a few were to 
be retained and grown to maturity. 

The three mutant species were from widely separated localities. 
The seeds of one, from Plymouth, Massachusetts, were sent by 
Professor B. M. Davis; the others were collected by the writer at 
White Sulphur Springs, W.Va., and Lexington, Ky., respectively. 
The mutations of the two former species were lost before they 
matured. It will be useless, therefore, to give an account of their 
characters or of the cultures in which they appeared until they 
shall have been found again. In the case of the third species, 
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O. pratincola, the mutations were brought to maturity and have 
yielded a second generation. This species, therefore, has been 
systematically examined for variations, with the results recorded 
in this paper. 


The Oenothera population at Lexington, Kentucky 


During a brief visit in October 1912, the writer was able to 
find only two species of OenotheraX Onagra at Lexington, Ky. They 
are both new and are referred to below under the names O. pratin- 
cola and O. numismatica. If any other species occur within two 
or three miles of the city, they must be very scarce. Of course, 
in October many plants were through blooming and not in such 
condition that any differences among them would show to the best 
advantage. Nevertheless, it is believed that no common species 
could have been overlooked. Nine seed collections were made 
from individual plants, which showed as great a range of variation 
as possible. These plants, and the strains descended from them, 
have been designated by letters from A to I. Eight of the strains 
proved to be taxonomically identical and are referred to as O. 
pratincola. Lexington A, B, and C were collected in a pasture near 
Town Creek, 2 miles west of Lexington, where they grew within 
200-300 feet of each other. Lexington E, F, G, H, and I were 
collected at random in vacant lots and within a mile of the city on 
the west. Lexington D is the only strain of the 9 which is referred 
to O. numismatica. The parent plant grew by a roadside about 2 
miles east of Lexington. In addition to the seed collections, many 
rosettes were collected which flowered in Washington in 1913. 
Thirteen plants from the same general region as plants E to I 
proved on flowering to be typical O. pratincola, as were also 26 plants 
from the edge of a field near the reservoir east of the city. It thus 
appears that O. pratincola constitutes the bulk of the Oenothera 
population at Lexington. O. numismatica is much scarcer; it did 
not occur at all among the rosettes which were collected, and was 
seen in flower only east of Lexington. 

The salient characters of the two evening primroses obtained 
at Lexington are the following: 


1915] 


In O. pratincola 
A well-grown plant, is 1.5 m. high, 
and loosely branched. 
The basal branches are frequently 
simple. 


The flowering time lasts about six 
weeks. 

The lax terminal spike often be- 
comes s—6 dm. long (see fig. 1). 

The lateral branches below the 
terminal spike are few in number 
and become 4-5 dm. long. 

The lowest bracts of the upper 
lateral spikes are ovate, and grade 
upward to lanceolate. 


The calyx segments are so sparsely 
pilose as to appear practically gla- 
brous. 

The hairs of the calyx segments are 
about 1 mm. long, thick-walled, acute, 
with multicellular tuberculate bases. 
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In O. numismatica 


A well-grown plant, is about rm. 
high, and densely branched. 

The basal branches bear tertiary 
branches and resemble the main 
stem. 


The flowering time lasts only about 
two weeks. 


The dense terminal spike is about 
2 dm. long in fruit (see fig. 2). 

The lateral branches below the 
terminal spike are numerous and are 
seldom over 2 dm. long. 


The lowest bracts of the upper 
lateral spikes are nearly orbicular 
and grade upward through oblong 
to lanceolate (see fig. 2). 


The calyx segments are closely 
and finely pubescent. 


The hairs of the calyx segments are 
less than o.5 mm. long, and belong 
to two types: (1) an acute thick- 
walled type without tuberculate bases, 
and (2) a thin-walled, round-ended, 
clavate or cylindrical type. 


Technical diagnoses of these two species, together with a discus- 


sion of their possible relationships, have been published elsewhere." 
O. pratincola appears to be a frequent plant in the North Central 
States. O. numismatica, on the contrary, is known only from 
Lexington and may well be a local species, possibly derived by 
mutation from O. pratincola. Its close resemblance in certain 
characters to one of the mutations of O. pratincola is pointed out 
elsewhere in this paper. 


The mutations of “Lexington C”’ 
Seeds from four of the parent plants of O. pratincola which had 
been selected at Lexington were planted early in the spring of 1913. 


6 BarTLETT, H. H., Twelve elementary species of Onagra. 
1337-56. I914. 


Cybele Columbiana 
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Fic. 1.—Oenothera pratincola, sp. nov.: upper part of main stem of Lexington 
C-30; leaves from middle of stem; flowers and buds; x3. 
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Fic. 2.—Oenothera numismatica, sp. nov.: upper part of main stem of Lexington 
D-29; leaves from middle of stem; lateral branches from just below the terminal 
spike; characteristic foliage of such a lateral branch; in contrast with fig. 1, note 
the denser shorter spikes, which are only in flower a short time, the much closer 
branching, and the characteristic suborbicular leaves of the uppermost lateral 
branches; <3. 
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Lexington A, B, and E germinated readily. Since no variation 
was noticed among the hundreds of seedlings of these three strains, 
all were discarded except 30 of each, which were potted off for the 
field cultures. The seeds of Lexington C, however, had been 
planted too deeply in unsuitable clay soil, and, although the seed 


Fic. 3.—F;, progeny of Oenothera pratincola: four of the 9 seedlings which consti- 
tuted the first culture of Lexington C; the 2 upper plants, Lexington C-1 and C-2, are 
mut. 2ummularia; the latter bore seeds which gave rise to the F, culture referred to in 
table I; the 2 lower plants are typical O. pratincola. 


pan received the same treatment as the rest, weeks passed before 
any seedlings appeared. At length 9 plants were obtained which 
were potted off. Almost from the first, they showed remarkable 
variation among themselves. Six (nos. 3, 4, 5, 6, 8, and 9) were 
typical O. pratincola, and agreed in all characters with the seed- 
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lings of Lexington A, B, and E; one (no. 7) was of a darker green 
color than the type, the leaves were somewhat narrower, and the 
petiole and midrib below the middle of the blade were particularly 
broad and white; two (nos. 1 and 2) had almost orbicular leaves, 
and constituted the most striking deviation from the expected form 


Fic. 4.—F; progeny of Oenothera pratincola, Lexington C: the same plants 
shown in fig. 3, but a month older. 


that the writer had ever observed in a seedling of Oenothera. In 
fig. 3 the two upper plants are the round-leaved variations, nos. 
1 and 2; the two lower are typical O. pratincola, nos. 3 and 4. In 
fig. 4 the same 4 plants are shown whena month older. The reader 
will observe that the orbicular seedling leaves of nos. 1 and 2 have 
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been superseded in the more mature rosette by leaves of a different 
form, but that the sharp distinction between the variation and the 
typical form has not been obscured. The occurrence of so interest- 
ing a variation in Lexington C led to a careful examination of the 
strain for evidence of mutability. 

A second sowing of the same seed on good soil resulted in a 
progeny of 720 seedlings from 1000 seeds. As soon as the seedlings 
were well rooted, they were transplanted to square seed pans in which 
they were widely enough spaced to allow of unimpeded growth for 
a month or six weeks. This system was followed in all subsequent 
work. Of course, the seeds were invariably sown on sterilized soil. 
After the seedlings were transplanted, the pans were frequently 
examined for mutations, and all plants which were noticeably 
divergent from the mass of the culture were marked for preser- 
vation. Among the 720 seedlings of the second sowing, there were 
only 4 round-leaved plants. Since the mass of the culture was 
uniform, and the round-leaved plants constituted an absolutely 
discontinuous variation from both the typical form and one other 
pronounced variant which occurred in the culture, it was concluded 
that they were probably mutations. In the following pages the 
round-leaved type is called O. pratincola mut. nummularia.” 

In order to show the discontinuity between typical O. pratincola 
and mut. nummularia, photographs of two of the seed pans in 
which this mutation occurred are reproduced as figs. 5 and 6. At 
the time the pans were photographed, the plants were about as 
far advanced as nos. 1-4 in fig. 3. Comparison of the figures will 

17The writer has suggested (Amer. Jour. Bot. 1:237. 1914) that mutations of 
experimental origin be given trinomial names such as O. pratincola mut. nummularia, 
in order to avoid confusion with names which must be given consideration in floristic 
works. A trinomial nomenclature has the advantage over the binomial system pro- 
posed by Gates (Trans. Linn. Soc. London II. Bot. 8:10. 1913) in that the parallelism 
of mutations occurring in different species may be indicated by the use of the same 
mutational designation. For example, a convenient way to show the parallelism 
between the mutations of O. Lamarckiana and those of O. biennis would be to call 
them O. Lamarckiana mut. semigigas, O. biennis mut. semigigas, etc. The trinomial 
used in this way need imply nothing as to the specific, varietal, or formal rank of a 
mutation, but only the manner of its origin. Nevertheless, for the sake of avoiding 
confusion, it would be well not to give any mutation a name which had previously 


been used in any subspecific category within the species which had given rise to the 
mutation. 
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show the complete identity, at this stage of growth, of different 
individuals of mut. nwmmularia, and also the great uniformity of 
the typical plants of the culture. 


Lexingron C fst pan 


Bon 


Fic. 5.—F;, progeny of Oenothera pratincola, Lexington C, pan 1: the only muta- 
tion shown is Lexington C-10, mut. nawmmularia; the other plants are typical O. 
pratincola; about the same age as the plants shown in fig. 3. 


In addition to the 4 plants of mut. nummularia which were dis- 
covered in the second sowing, there were solitary specimens of each 
of two other mutations, one plant (no. 12) like no. 7 of the first 
planting, and another (no. 18) unlike anything else in the culture. 
No. 18 had exceedingly narrow, red, subulate seedling leaves and 
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was called on this account mut. swbwlata. There were also 7 plants 
(nos. 13-16, 19, 20, and 22) which developed very slowly and 
were retained in the expectation that they might prove to be 
dwarfs, although there was no character but size to distinguish 


Fic. 6.—F;, progeny of Oenothera pratincola, Lexington C, pan 2; the only muta- 
tion shown is Lexington C-11, mut. nummularia; the other plants are typical. 


them from typical sister plants. The solitary plant of mut. 
subulata died, but the type has since been found to be one of the 
most frequent mutations of O. pratincola. The type represented by 
nos. 7 and 12 was designated as mut. pusilla. Its rosettes were 
about 4cm. in diameter at maturity. The stem leaves were 
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linear-lanceolate. The stems were simple. No. 7 died just 
before flowering, when only 7 cm. high. No. 12 flowered at a 
height of rocm. The ovary was 7 mm. long; hypanthium 10 mm. 
long; calyx segments 4 mm. long, excluding the distant free tips, 
which werer1 mm.long. The calyx differed from that of the typical 
form not only in having distant calyx tips, but also in being densely 
soft-pubescent. Unfortunately, this plant was sterile and pro- 
duced no seeds. As far as the writer is aware, mut. pusilla repre- 
sents the extreme of nanism in the subgenus Onagra. 

With a single exception, the 7 suspected dwarfs developed as 
quite normal plants, indistinguishable from the mass of the culture. 
One plant, no. 19, differed from the rest in that it had stiff, distant 
calyx tips 5 mm. long which were continued on the angles of the 
squarish bud as a marked carina. The buds were almost glabrous, 
as in the type form of the culture, but in marked contrast to some 
of the other mutations. This plant was self-sterile, but produced 
abundant seeds when pollinated with typical O. pratincola. 

The Lexington C culture which was grown to maturity in 
1913 included, besides the 9 plants from the first sowing and the 
mutations and suspected mutations of the second sowing, all the 
plants from two pans in which there appeared to be no variation. 
There were 72 of these plants, nos. 23-94.% When they matured 
two mutations were found which had not been detected in the 
early seedling stages. With these two exceptions, the plants were 
absolutely uniform among themselves, and exactly the same as 
Lexington A, Lexington B, and Lexington E. (Of each of these 
three strains 30 plants were grown to maturity.) The two muta- 
tions were not alike and were different from any of the other new 
types which had been obtained. Both, however, were almost 

8 The culture numbers of these plants are all given here in order to avoid lengthy 
repetition in subsequent papers which will deal with the same strains. It may be 
well to explain that every plant in the writer’s garden is designated by the name of 
the strain (for which a number has often been substituted) followed by a succession 
of numbers which indicate the pedigree and number in the culture of each individual. 
Subscripts are used when it is wished to distinguish between sister plants grown in 
different years, or to indicate the years in which the successive generations were 
grown. ‘Lexington C-11,;,”’ for example, would be the complete designation of the 


plant of mut. xwmmularia which is shown in fig. 6. Plants of the F, generation, grown 
in 1914, would be “‘ Lexington C-111;-114,”’ “Lexington C-11~2,” etc. 
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self-sterile. No. 28 was half as high as typical plants of the cul- 
ture; the leaves were broader and white-margined; the buds were 
smaller and closely viscid-puberulent with a hair type which does 
not occur in the typical form; the branching differed in that there 


A B 


Fic. 7.—A, Oenothera pratincola mut. nummularia, Lexington C-21; B, Oenothera 
pratincola (typical), Lexington C-16; the 2 plants are of the same age and were grown 
under identical conditions; note particularly the difference in the branching. 


were numerous inflorescence-bearing tertiary branches. No. 57 
(mut. nitida) was slightly taller than no. 28, almost simple, with 
leaves narrower than in the typical form, upwardly rolled parallel 
to the mid-vein, very glistening, nearly twice as thick as in normal 
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plants, and very brittle. A few seeds were obtained from this plant 
by self-pollination, but they did not germinate. 

The 729 plants of Lexington C which were grown in 1913 yielded 
in all 6 different mutations. All of them except mut. nitida and 
mut. nummularia were infertile or nearly so to their own pollen. 
The latter type, in spite of the fact that it was unwittingly sub- 
jected to very unfavorable conditions; produced seeds from which 
a second generation has been grown. For fear of losing the 6 
original plants, they were planted in the center bed of the green- 
house when the rest of the culture was transferred to the 
garden. Before it was realized how much their development 
was being retarded by the extreme heat in the greenhouse, it was 
too late to move them again with any prospect of success. 
Three plants died after they had begun to flower, but before any 
seeds were ripe. 


The characters of mut. nummularia 


A few plants of typical O. pratincola which were kept in the 
greenhouse with the mutation served to show that there are distinct 
differences in the habits of growth of the two types, when they 
are grown under identical conditions. This fact will be apparent 
from fig. 7, in which two sister plants of the same age are shown. 
It will be noticed that the stature of the mutation is less than that 
of the parent type, but that the lateral branches are more numer- 
ous and more densely leafy. A thoroughgoing comparison of the 
two types cannot be made until the cultures of 1914 shall have 
grown to maturity out of doors. The more striking contrasting 
characters, however, are the following: 


In O. pratincola In mut. nummularia 
The early seedling leaves are ovate. The early seedling leaves are orbicu- 
lar. 
The stem leaves are reflexed. The stem leaves are involute. 


The lower leaves of the lateral The lower leaves of the lateral 
branches are ovate-lanceolate. branches are broadly ovate. 

The ovary and calyx are sparsely The ovary and calyx are closely and 
pilose (sometimes almost glabrous). finely pubescent. 
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In O. pratincola In mut. xummularia 


The hairs of the calyx segments and The hairs of the calyx segments and 

hypanthium are about 1mm. long hypanthium are less than o.5mm. 

and all belong to the thick-walled, long and belong to two types: (1) 

acute type with multicellular, tuber- acute, thick-walled hairs without 

culate bases. multicellular, tuberculate bases, and 
(2) thin-walled, round-pointed clavate 
or cylindrical hairs. 


The calyx segments separate in pairs. The four calyx segments remain 
united when the flower opens. 


The difference in the rupture of the calyx is shown in fig. 8. The 
writer is inclined to believe that the clear-cut qualitative dis- 
tinction between the calyx pubescence of the parent form and 
that of the mutation will provide an absolute criterion for deter- 
mining whether or not mut. nummularia marks an evolutionary 
advance over O. pratincola. <A priori it seems to bea safe prediction 
that mut. nummularia will prove to be a progressive mutation of 
even more striking individuality than O. gigas. 

It is unfortunate that data on reciprocal crosses between O. 
pratincola and mut. nummularia will not be available until next 
year. The first flowers of the original mutations were, of course, 
self-pollinated, and further work was prevented by the loss of the 
plants. This year (1914) the writer has numerous plants of mut. 
nummularia (primary mutations as well as F; plants) with which to 
make the necessary crosses. 


The heritability of mut. nummularia 


The three individuals of mut. nwmmularia which bore seeds 
were nos. 2, 17, and 21. Even these, however, wilted and dried 
up while still in flower, so that very few capsules were obtained. 
As in the case of many somewhat self-sterile Oenotheras, the cap- 
sules were small and contained few good seeds. From each of 
several capsules only one or two seeds were obtained, and the 
best had but 30, whereas a large capsule of typical O. pratincola 
contains well over 300. Until plants of the mutation shall have 
developed under more favorable conditions than those to which 
the first season’s plants were subjected, it will be impossible to say 
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whether or not mut. nummularia is really as nearly self-sterile as 
this comparison would indicate. At any rate, only 403 seeds, 
many of them obviously too unripe to germinate, were obtained 
from 3 plants of the mutation. The seeds have given an F; progeny 
of 135 plants which is now (April 1914) in the early seedling stage. 

The F: generation from mut. nummularia consists in part of 
plants which exactly reproduce the parental type and in part of 
secondary mutations. At the time this article is being written 
the plants are still young, but it is nevertheless clear (1) that the 


Fic. 8.—Flowers and buds of (a) Oenothera pratincola mut. nummularia, and 
(0) typical O. pratincola, showing especially the difference in the rupture of the calyx. 


F, generation includes no typical O. pratincola; (2) that the second- 
ary mutations (with one possible exception) are narrower leaved 
than O. pratincola and therefore even more sharply distinguished 
from mut. nummularia than the latter is from O. pratincola; and 
(3) that all of the secondary mutations (again with the single excep- 
tion noted above) appear to be quite identical with certain primary 
mutations which have appeared simultaneously with mut. num- 
mularia in various cultures of typical O. pratincola. 

The secondary mutations fall into three well marked groups 
which have been called mut. tortwosa, mut. rubricentra, and mut. 
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subulata. It is of course impossible to establish absolute identities 
among seedling plants of types which have not yet been seen in 
flower. Consequently the F: progeny of mut. nummularia are 
classified either as true to type or as secondary mutations in 
table I, which shows the composition of the cultures now under 
observation. 


TABLE I 
CoMPoSsITION OF F, GENERATION OF MUT. nummularia (SEEDLING STAGE) 
Parent Number of seeds| Total plants i Pics ee a Siero 

LexiG-2 giuscaccncascates 15* 8 6 2 
MO ca dauaaiaepenagitens Ee 3 15* 6 5 I 
ee ee 30* 15 15 ° 

MC Sepp nate eg eee ales 65 9 7 2 
Lex. C-2 Total .......... 125 38 33 5 
Tex 'CHTF socracwias ies ose 39 14 12 2 
Lex: C207 X Coot seceacceens 20* Io 8 2 
BOD. Stace ce teh 24* 2 2 ° 
easter a 11* 5 3 2 

OS rpagiglasbuanels ahs 18* 5 5 ° 

A! aaah targets 64 25 15 pe) 

Lex. C-17XC-21 Total... 137 47 33 14 
LES. CHB Ee shiraittecerae es 102 36 31 5 
Grand total .............. 403 135 109 26 


* Indicates that the seeds were from one capsule. 


Table I shows that only 34 per cent of the seeds of mut. num- 
mularia germinated. In order to obtain as many plants as possible, 
a large number of seeds were counted into the seed pans which 
seemed too immature to germinate; 65 such seeds, planted by 
themselves, produced g plants. Part of the seeds planted were 
obtained from self-pollinated capsules, others from capsules which 
had been cross-pollinated. Table I shows that the progeny from 
the self-pollinated seeds includes secondary mutations and typical 
nummularia plants in the ratio 1:6. The same ratio for the progeny 
from cross-pollinated seeds is about 1:3.2. Although the differ-* 
ence in the ratio seems very marked, it may be due to the fact 
that the germination was poor and the cultures small. 
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Some of the progeny of two of the parents from which F, plants 
were obtained (Lexington C-17 and Lexington C-21) are shown in 
figs. 9-11. In fig. 9, no. 3 is a young specimen of mut. fortuosa, 
as yet only vaguely suggesting the characters which give this 
mutation its name. The other 5 plants are typical mut. num- 
mularia, comparable in state of development with nos. 1 and 2 in 
fig. 3, and nos. 10 and rr in figs. 5 and 6. Fig. 10 shows three of 
the types which are included in the F, cultures from mut. num- 
mularia. Nos. 8 and 15 are characteristic plants of mut. fortuosa; 
nos. 13 and 16 are mut. rubricenira; nos. 35 and 36 are typical mut. 
nummularia. In order to show the ‘striking uniformity of the 
nummularia plants 6 more of them are shown in fig. 11. 


The frequency of mut. nummularia 


In order to determine the frequency with which O. pratincola 
gives rise to mut. nummularia, large cultures were grown in the 
greenhouse during the winter of 1913-14. As usual, the seeds 
were sown on sterilized soil and transplanted to seed pans as soon 
after germination as circumstances permitted.” Remaining wild 
seeds of the original collections gave additional F, cultures of 
Lexington C, A, B, and E. F, cultures were also grown from the 
wild seeds of Lexington F, G, H, and I, which had not been previ- 
ously planted. It will be remembered that mutations had been 
detected during the first year of cultivation only in Lexington C, 
and in this strain only because of the accidental application of 
the method of selective germination. The other strains were found 
to be quite as mutable as Lexington C when all of the seedlings 
were retained until old enough to show their distinctive character- 
istics. In addition to the F; cultures, F, cultures were grown from 
seeds of 8 self-pollinated F: sister plants of Lexington C, 1 self- 
pollinated plant of Lexington A, and 2 self-pollinated plants of 
Lexington B. These F, progenies from guarded seeds were found 
to contain approximately the same proportion of mutations as 
the F; progenies from unguarded wild seeds. 


19 The writer wishes to express here his appreciation of Mr. Martin Biton’s 
painstaking and efficient care of the germination pans and the young seedlings. 
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Fic. 9.—F, progeny of Oenolhera pratincola mut. nummularia, Lexington C-17; 
the plant in the upper left-hand corner, Lexington C-17-3, is O. pratincola mut. torluosa, 
here occurring as a secondary mutation, but seemingly the same as one of the very 
rarest primary mutations of O. pratincola; the other plants are typical examples of 
mut. zwmmularia. 
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Fic. 10.—F, progeny of Oenothera pratincola mut. nummularia, Lexington C-21; 
the 2 upper plants, Lexington C-21-8 and C-21-15, are mut. lorluosa; the 2 in the 
middle row, C-21-13 and C-21-16, are mut. rubricentra; the 2 below are mut. nwm- 
mularia; the plants shown in this cut are three weeks older than those shown in fig. 9. 
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Fic. 11.—F, progeny of Oenothera pratincola mut. nummularia; typical examples 
of mut. #wmmularia, sister plants of those shown in fig. 10, of the same age. 
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Data in regard to the frequency of mut. nummularia in all 
the strains of O. pratincola except Lexington E are given in tables 
II-XI, and are summarized in table XII. Lexington E yielded 
striking mutations in both F, and F, generations, but they con- 
stituted an entirely different series of forms from those which were 
obtained from the other strains. In several respects the mutation 
phenomena presented by Lexington E were unique. It will be 
necessary, therefore, to defer an account of this strain until next 
year. 

It will be noticed from the tables that a large number of seeds 
were planted capsule by capsule. The variation in number of 
seeds per capsule appears greater than it should, for in many 
cases the capsules had dehisced and lost part of their contents. In 
general, a capsule of O. pratincola contains 200-300 seeds. 


TABLE II 


ANALYSIS OF F; SEEDLING CULTURES OF ‘LEXINGTON C”’ 


Culture read Total plants} Typical Mut. nummularia ohne i ecigen roa 
DP eoygucconsar ee 1000 720 7II 4 (nos. Io, IT, 5 
17, and 21) 
Biv d acne eee 133* IOI 03 ° 8 
Biter Sdedade ROS Ora ace 130* 117 116 ° I 
Bade asin 28 eee 116* III 106 ° 5 
OneeieaAiaavecudgeae 88* 21 20 ° I 
| ETE ATE, t25" 20 20 ° ° 
BAe idaabe 162* 152 149 ° 3 
Ora sansersay eewaeats 164* 143 140 ° 3 
I Of sss slo eneee 237* 172 165 ° 7 
Tals SA Gea a De 237* 223 211 r (no. 123) II 
DID cite els avetg choker 65* 35 35 ° ° 
1 aN TS 217" 147 143 I (no. 136) 3 
TA Wo wee ne eeeee's 200 156 153 ° 3 
TS cep ennceases 200 154 152 ° 2 
TG 85 4eo ess eax 147* 096 93 ° 3 
Tipe se caace ahaha A circ 200 60 58 ° 2 
TB ead Coocete is 200 155 152 2 (nos. 150 and I 
151 
IQ: hadawaones 200 98 95 ° 3 
BO} cs loh bee steeee 200 130 124 2 (nos. 156 and 4 
160) 
ps ee eee ee 200 112 109 I (no. 162) 2 
Total: sscsuwees 4,221 2,923 2,845 II 67 


* Indicates seeds from the same capsule. 
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TABLE III 
ANALYSIS OF F, SEEDLING CULTURES OF “LEXINGTON C”’ 

Parent Culture es aosis Typical Mut. nummularia pee Beary 
Léx: G25) dsaees I 244* | x51 150 ° I 
Mle Unga eis 2 208* 155 154 ° I 
ache 3 1g0* | 140 138 I (no. 3) I 
Lex. C-5 ...... Total 642 446 442 I 3 
Lex Cob .ncacne I 116* 41 39 ° 2 
Ne gies 2 106* 41 40 ° I 
M Acytes Sond 3 58* 31 27 ° 4 
Me daneahets 4 41* 35 35 ° ° 
eee 5 21* 10 Io ° ° 
SS metas 6 14* 13 13 ° ° 
Lex. C-6...... Total | 356 171 164 ° 7 
Lex. C-15 ..... I 196* } 116 115 zr (no. 1) ° 
Ne casita 2 233* | 115 IIS ° ° 
We Chases 3 173* 106 106 ° ° 
Ce aktaenas 4 134* | 123 122 T (no. 2) ° 
sare 5 28* 12 12 ° ° 
phy dene 6 31° 12 12 ° ° 
Ee aise 7 48* 41 41 ° ° 
BP cee 8 437 32 31 I (no. 11) ° 
Ry Gates 9 12* 9 9 ° ° 
Bee 10 17* 15 15 ° ° 
rr eee II 3r* 15 5 ° ° 
Lex. C-15..... Total | 946 596 593 3 ° 
Lex. C-22..... I 148* | 122 Ig ° 3 
BE aoe 2 203* | 169 157 I (no. 9) II 
e  Oeenas 3 172* | 147 142 I (no. 20) 4 
ee pep 4 225* | 189 184 I (no, 21) 4 
We ene ae 5 250* | 196° IQI ° 5 
Lexy C-83 aes Total | 908 823 793 3 27 
Lex. C-36..... I 182* | 142 I4I ° I 
Pe ett 2 208* | 150 147 ° 3 
tetas 3 210* | 159 157 ° 2 
: pains 4 231 181 179 ° p3 
ea 5 147* 99 96 ° 3 
Lex: 6-36.02... Total 978 731 720 ° II 
Lex. C-52...... I 215* | 148 146 I (no. 1) I 
Be +! acetal 2 118* | 100 Too ° ° 
Speed 2 189* 138 136 ° 2 
tne 4 150* 75 73 (no. 28) I 
Se aune 5 225* | 173 173 ° ° 
Les: C52) .2255 Total 897 634 628 2 4 
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Parent Culture ee a Typical Mut. nummularia peas 
Lex. C-72... I 1g2* | 171 165 x (no. 6) 5 
Sr *) mega’ 2 223* | 180 179 ° I 
ere 3 235* | 187 186 ° I 
Bo tata 4 279* | 242 241 ° I 
He esas 5 280* | 230 225 ° 5 
Lex. C-72..... Total |1,209 | 1,010 996 Ir 13 
Lex. C-91 ..... I 185* | 146 144 2 (nos. 1 and 2) ° 
BS aa 2 284* | 245 | + 243 I (no. 4) I 
Bo a hbeank 3 245* | 172 17 ° I 
Hep ea 4 267* | 125 121 ° 4 
oe yer 5 316* | 198 195 ° 3 
1? Gees 6 337% | 300 203 5 (nos. 39, 40, 2 
42, 43, 44) 
Ocean ie 7 242* | 187 181 ° 6 
Lex. C-91 ..... Total | 1,876 | 1,373 | 1,348 8 17 
Eight F, plants} Grand 
total | 7,902 | 5,784 | 5,684 18 82 
* Indicates seeds from the same capsule. 
TABLE IV 
ANALYSIS OF F,; SEEDLING CULTURES OF “LEXINGTON A” 

Culture Beas te Typical Mut. nummularia ae anes and 
Beil uuerers 341* 66 59 ° 7 
B iseveesoues 405* 129 118 2 (nos. 44 and 45) 9 
Ai wswnas suc’ 3377 60 53 2 (nos. 53 and 54) 5 

Total ..... 1,083 255 230 4 21 
* Indicates seeds from the same capsule. 
TABLE V 
ANALYSIS OF F, SEEDLING CULTURES OF “LEXINGTON A”’ 
Parent Culture pele Bas Typical | Mut. nummularia a poetry 
Lex. A-5........ I I1I9g*™ 76 73 «| 0° 3 

i? sadist phasing 2 200 115 IIo | o 5 

HD “tah wae 3 200 118 115 | 2 (nos. 9 and 11) I 

He. ee aden 4 200 127 122 | 1 (no. 15) 4 
Lex. A=5 nse seas Total 719 336 420 | 3 13 


* Indicates seeds from the same capsule. 
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TABLE VI 
ANALYSIS OF F,; SEEDLING CULTURES OF “LEXINGTON B” 

Seed: Total : Mut. Other muts. and 

Culture planted plants Typical nitnmularid suspected muts. 
Biadeuaeeeee sho owes 149* 107 95 ° 12 
$ Sonar haases Aa aeO 324* 188 175 ° 13 
Aecwsaseseagas eeeeee 247* 107 97 ° 10 
ws erasers Ree Sie Sas 200* 106 IOI ° 5 

Potal, yccae tue vase 920 508 468 ° 40t 


* Indicates seeds from the same capsule. 
+ Of the 40 mutations and suspected mutations, 36 were merely smaller plants than the average, 
selected in the expectation that some might prove to be dwarfs. 


TABLE VII 
ANALYSIS OF F, SEEDLING CULTURES OF “LEXINGTON B” 
Numb Total . - |Oth ts. and 
Parent Culture A eeae plants Typical | Mut. nummularia saepected ee 
Lex. B-1..... I 184* 157 157 ° ° 
Bes 2 ashe 2 269* 142 137 ° 5 
HY sieiarees 3 264 221 215 I (no. 8) 5 
ame ore 4 195* 154 152 I (no. 12) I 
Lex. B-1..... Total gi2 674 661 2 Ir 
Lex, B22 aeevs I 106* 72 68 ° 4 
Bo Thales: 2 250* 147 142 2 (nos. 26, 27) 3 
“ Pa 
mines 3 284 176 I7I ° 5 
BE" Lobe 4 r11* 82 80 ° 2 
Des eke 5 113* 04 g2 |-0 2 
Lex. B-2..... Total 864 571 553 2 16 
Two F, plants} Grand 
total 1,776 1,245 1,214 4 27 
* Indicates seeds from the same capsule. 
TABLE VII 
ANALYSIS OF F,; SEEDLING CULTURES OF “LEXINGTON F” 
Total . Mut. Other muts. and 
Culture Seeds planted plants Typical | j»ummularia | suspected muts. 
Ayes id teh saustaseghs San tyes 92* (large, 68 62 I (no. 1) 5 
immature) 
Dan ahowannerecd 139* (mature) 34 31 ° 3 
Lotal sack: 231 102 93 I 8 


* Indicates seeds from the same capsule. 
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ANALYSIS OF F; SEEDLING CULTURES OF ‘‘LEXINGTON G” 


Culture Seeds planted ane Typical Mut. nummularia peter ee 
AT ia at 87* (very large, 
immature) 25 25 ° ° 
Be tusecece 50* (large, 
immature) 17 17 ° ° 
BB eg oath ant 285* 157 152 ° 5 
Mi sis Seat 160 140 139 ° rt 
IB hos dasamsa 159* 136 133 2 (nos. 47, 49) I 
Crear 152* 95 93 ° 2 
Pincha 187* 153 1§2 ° I 
re 144* 86 So ° 6 
Omsrigines 120* 106 99 ° 7 
DOr a traine she 197* 157 154 1 (no. 54) 2 
TL errant 133* 98 97 ° I 
TO crwasyees 147* 114 110 I (no. 52) 3 
Total 1,821 1,284 1,251 4 29 
* Indicates seeds from the same capsule. 
TABLE X 


ANALYSIS OF F, SEEDLING CULTURES OF ‘LEXINGTON H” 


Seeds Total . . \Other muts, and 

Culture planted plants Typical Mut. nummularia suspected muts. 
To ee, Siensnenocunee 301* 152 145 2 (nos. 3 and 4) 5 
Bee ain eaiacent cats 157" 78. 76 ° 2 
Total ........ 458 230 22 2 7 

* Indicates seeds from the same capsule. 
TABLE XI 
ANALYSIS OF F; SEEDLING CULTURES OF “LEXINGTON I” 

Culture Seeds planted ce Typical Mut. nummularia ee paren ey 
T behets 125* 57 53 | 0° 4 
Been urs 266* 147 145 1 (no. 13) I 
Be iessceii i 244* (immature) 64 61 2 (nos. 14 and 15) I 
Total 635 268 259 | 3 6 


* Indicates seeds from the same capsule. 
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TABLE XII 


SUMMARY OF TABLES II—XI, SHOWING THE FREQUENCY WITH WHICH 
O. pratincola GIVES RISE TO MUT. nummularia 


..| Number | Number |Germination| Number mut um eee 
eke, Foe , Fy 1083 255 23.5 4 I:271 1:64 
re F, 719 436 60.6 3 1:240 I:145 
Lex. A..| F&F, 1,802 691 38.4 7 12257 1:99 
Lex.B.. F, 920 508 55.2 ° 
ais F, 1776 1245 70.1 4 12444 I:31I 
Lex. B..| F; & F, 2,696 1,753 65.0 4 1:674 12438 
Lex.C.. F, 4221 2923 69.3 II 13384 1: 266 
HO tha F, 7902 5784 73.2 18 1:439 I:321 
Lex. C ..] Fy & F. | 12,123 8,707 71.8 29 1:418 1:300 
Lex. F .. F, 231 102 44.2 I I:23T I:102 
Lex.G.. F, 1,821 1,284 70.5 4 13455 11321 
Lex.H..|  F, 458 230 50.2 2 1:226 I:1I5 
Lex. I... F, 635 268 Aaica 3 Ti ar? 1:89 
All...... F, 9,369 5,570 59.5 25 12375 12223 
nod cel F, 10,397 7,465 71.8 25 1:416 1:299 
AN F, & F. | 19,766 13,035 66.0 50 Henge 1: 261 


In all, there were 19,766 seeds sown of the 7 strains which gave 
rise to mut. nummularia. They gave 13,035 seedlings, of which 
5,570 belonged to F, and 7,465 to F, progenies. The average 
germination of the F, seeds was 59.5 per cent, or 58 per cent if the 
1000 seeds of Lexington C sown in the winter of 1912-1913 are not 
figured in. Most of the F; seeds were over a year old when they 
were planted. The germination of the F, seeds, which were sown 
soon after they were harvested, was 71.8 percent. Inspection 
of table XII shows the remarkable fact that the ratio of mut. 
nummularia to seeds planted was nearly identical for the F: and F, 
progenies, 1:375 in the one case, 1:416 in the other, but that the 
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ratio of nummularia mutations to plants showed a variation roughly 
commensurate with the difference in germinability between the 
F, and F, seeds. In other words, the mortality among the year- 
old F, seeds appears to have been largely confined to seeds of 
typical O. pratincola. The ratio of nummularia mutations to seeds 
planted is seen from table XII to be reasonably constant for all 7 
strains in both the F, and F, generations. The ratio of mutations 
to total plants, however, varies between wide limits, and in every 
case a low percentage of germination is associated with a high 
frequency of mutation. The F, progeny of Lexington A, for 
example, included 4 individuals of mut. nummularia among 255 
plants, a ratio of 1:64. These 255 plants, however, were obtained 
by sowing 1,083 seeds, of which only a small proportion (23.5 
per cent) germinated. There seems no escape from the conclusion 
that the percentage of germinable seeds of mut. nummularia had 
increased by virtue of the greater mortality among the seeds of 
typical O. pratincola. 

The evolutionary significance of differential mortality is too 
obvious to require any lengthy discussion. Mut. xuwmmularia has a 
distinctly greater survival value than its parent when subjected 
to conditions which delay germination. It has already been shown 
that mut. nummularia has an enormously greater chance 
to survive than typical O. pratincola when subjected to certain 
unfavorable soil conditions. These facts should be carefully 
weighed by critics of the mutation theory who persist in assuming, 
as a matter of course, that mutations would have no chance to 
survive in competition with the more numerous typical plants. 
De Vries” has already shown that the percentage of mutation 
in a culture of O. Lamarckiana from seeds 5 years old was 40 per cent 
instead of the usual 6 per cent. In his comment on this remark- 
able result he states that in general the seeds of the mutation 
remain germinable longer than those of typical O. Lamarckiana, 
and suggests that it might be possible to make use of differential 
mortality to increase the proportion of mutations in seeds, and 
thereby to facilitate the discovery of the mutations. The writer 
unconsciously put this suggestion to a test at the time mutations 


20 Dr Vries, H., Die Mutationstheorie 1:186. 1901. 
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were first found in O. pratincola. HuNGER* has recently recorded 
observations on selective mortality in the seeds of O. Lamarckiana 
which can only be interpreted as showing that the mutations of 
this species have decidedly a greater survival value than the 
parent form. 

It is often remarked that the Onagras are not most usually 
found in undisturbed habitats with other native plants, but rather 
as weeds in fields and waste places, among the aliens of our flora. 
Wherever the soil is disturbed, as by plowing, road-making, 
excavating, they are frequently found in large numbers. They 
often dominate the flora on made land and on new railroad embank- 
ments, but are for the most part replaced by other weeds when the 
soil ceases to be disturbed at intervals. A fallow field which con- 
tains many Onagras for a season or two after cultivation is dis- 
continued will thereafter contain fewer each year. If again plowed, 
it will apparently be restocked by the germination of seeds 
which have lain dormant, perhaps for years. Selective mortality 
among dormant seeds might result in such a field being restocked 
with plants among which mutations .would be unexpectedly 
numerous. 

The most interesting fact shown by table XII is that the fre- 
quency of mut. nummularia cannot correspond with any Mendelian 
ratio except that of a tetrahybrid splitting in the ratio 255:r. 
In the case of a number of progenies, to be sure, the ratio of muta- 
tions to plants more nearly approximates the trihybrid ratio 63:1, 
but it has already been shown that in each such instance the high 
mutation ratio is associated with a low percentage of germination. 
When the ratio of mutations to seeds is dealt with, there is no case 
of an approximation to the 63:1 ratio. The data of table XII, 
recalculated, are stated in table XIII in such form as to show that 
no single progeny was large enough to prove that the 255:1 ratio 
might not be the true one. On the contrary, the data afford no 
reason to believe that the mutation ratio is 255:1. It may be 
because of the smallness of the cultures that no single progeny 
shows a significant deviation from this ratio. 


21 HUNGER, F. W. T., Recherches expérimentales sur la mutation chez Oenothera 
Lamarckiana, executées sous les tropiques. Ann. Jard. Buitenzorg 27:92-113. 1913. 
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Turning again to table XII, it is seen that the progenies might 
possibly be assembled in two groups, those with a mutation ratio 
of approximately 4oo:1 (group I of table XIII), and those with a 
ratio of about 250:1 (group II of table XIII). Testing separately 
the ratios from these groups (see table XIII), we find that the num- 
ber of individuals in group IT is too small to establish a significant 
deviation from the ratio for group I. (The difference is 0.180. 13 
per cent). It is therefore impossible to demonstrate either that 
the mutation ratio is or that it is not the same for all the progenies. 


TABLE XIII 


TEST OF THE FITNESS OF THE MUTATION RATIOS TO THE NEAREST MENDELIAN 
RATIO (235:1) 


3 3 gS lm a 
2 a gs a ofS ata 22 

Se | Se) SF 1 eae uo) Soe 4 

Culture Ss g : Sa oe 8 ae £4 - 3ee 

gt eee | oa 3a ar |e =| #83 S52 

2| #28 | 2& a | ge |e 8 EE pe S28 

5] 5 5 Zz a | a a 

Lex. A-F; II | 99.63 | 0.37 | 1,083 | 6.07 | 0.18 |o.3940.19|/0.02+0. 26 
Lex. A-F, II | 99.58 | 0.42 719 | 6.47 | 0.24 |o.39t0.24/0.034+0.34 
Lex. B-F, I | 99.77 | 0.23 | 1,776 | 4.79 | 0.11 Jo.3940.15]0. 1640.29 
Lex. C-F, I | 99.74 | 0.26 | 4,221 | 5.10 | 0.08 Jo.39£0.10]/0.13+0.13 
Lex. C-F, I | 99.77 | 0.23 | 7,902 | 4.79 | 0.05 Jo.39+0.07/0.1640.09 
Lex. F-F; II | 99.57 | 0.43 231 | 5.42 | 0.42 |0.3940.41/0.0440.59 
Lex. G-F; I | 99.78 | 0.22 | 1,821 | 4.68 | 0.12 Jo.3940.15]0.17+0.29 
Lex. H-F, IT | 99.56 | 0.44 458 | 6.59 | 0.31 Jo.39£0. 29]0.05+0.43 
Lex. I-F,; II | 99.53 | 0.47 635 | 6.86 | 0.36 Jo.3940.25]0.08+0.44 
Group 99.76 | 0.24 | 15,720 | 4.89 | 0.04 |o.39t0.05]0.15+0.06 
Group IT 99.58 | 0.42 | 3,126 | 6.47 | 0.12 ]0.39t0.11|0.03 40.16 
Groups I & II | 99.75 | 0.25 | 18,846 | 5.00 | 0.04 Jo.39+0.05/0.14+0.06 
Total 99.75 | 0.25 | 19,766 | 5.00 | 0.04 |o.39+0.04/0.1440.06 


If we assume that it is justifiable to treat all of the progenies as one 
group, the numbers are then large enough to indicate, not however 
without considerable doubt, that the frequency of occurrence 
of mut. nummularia is not in accord with the tetrahybrid ratio 
255:1, but with some ratio lying between 330:1 and 450:1. Of 
course we cannot assume that there is no mortality at all among 
the seeds which produce mut. nummularia. If in the 30 per cent of 
seeds O. pratincola which never germinate even when fresh the mor- 
tality among mutations and non-mutations were the same, then 
the mutation ratio would not significantly deviate from 255:1. It 
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is obvious that a Mendelian explanation of the occurrence and 
frequency of mut. 2ummularia involves the assumption that each 
parent plant which gave rise to it was heterozygous with regard to 
at least four factors. Otherwise no segregate would occur with so 
low a frequency as1:255. The following objections to a Mendelian 
explanation may be enumerated: 

1. O. pratincola is probably almost invariably self-pollinated 
in a state of nature, for the anthers burst in contact with the 
receptive stigma the day before the flowers open. In a very few 
generations heterozygosis would be eliminated from a strain which 
had accidentally become crossed. Hybridization involving four 
factors, followed by several generations of self-pollination, would 
result in an F, with 6.25 per cent of homozygotes, an F; with 
31.64 per cent, F, with 58.62 per cent, F; with ‘93-75 per cent, 
F¢ with 96.87 per cent, F, with 98.44 per cent, Fs with 99.22 per 
cent, F, with 99.61 per cent, F,. with 99.80 per cent, etc. It would 
be utterly absurd to suggest that out of 8 wild mother plants 
growing far apart, selected at random, 7 were tetrahybrids. 

2. An F, tetrahybrid would invariably show segregation in a 
255:1 ratio. Out of its F, progeny, however, only one plant in 
16 would be a tetrahybrid, and therefore only one F, plant in 16 
could exhibit 255:1 segregation in the F;. The other F, hetero- 
zygotes would be hybrids of a lower order. Some would segregate 
in the ratio 63:1, some in the ratio 15:1, and some in.the ratio 3:1. 
It has already been pointed out (see tables ITI, V, and VII, sum- 
marized in tables XII and XIII) that every F, (that is, F, with 
regard to the wild mother plants from Lexington) plant of which 
seeds were planted either yielded a progeny containing no num- 
mularia mutations, in which case the number was not large enough 
to be sure of getting this mutation, or else the only Mendelian 
ratio indicated as possible was 255:1. In all, 11 F. progenies were 
grown, of which only 2 failed to give the mutation. The only 
uncomplicated Mendelian explanation requires that in picking 11 
mother plants at random from among 142 F, plants, 9 were selected 
from that one-sixteenth of the culture which was still heterozygous 
for four characters. It may be pointed out that among 142 plants, 
just 9 tetrahybrids might reasonably be expected. The chances 


tots] BARTLETT—MUTATION IN OENOTHERA 115 


are infinitesimal that all g would be included among 11 plants 
chosen at random. 

3. A tetrahybrid might give as many as 16 phaenotypes in the 
F,. All of these would have a greater frequency than 1:255 
except the pure recessive. We have seen that mut. nummularia 
cannot have a greater frequency than 1:255, and have also seen 
that it is not a pure recessive, for in the next generation after it 
originates it gives rise to several distinct types. 

4. In the case of one F, progeny (Lexington C-gr, see table III) 
from a single mother plant, 1,539 seeds from 6 capsules gave 3 
specimens of mut. nummularia, whereas 337 seeds from one capsule 
gave 5. Such a result shows a frequency varying from 1:60 
to 1:513 on capsules from the same spike. From a Mendelian 
standpoint it is practically impossible to explain such a result. 

The mutation phenomenon in O. pratincola cannot be explained 
away by any reasonably plausible stretching of Mendelian theory. 
On the contrary, it seems obvious that mutation is quite a different 
process from hybrid segregation, although both processes may 
occur simultaneously. 

Mut. xummularia is the only one of the mutations of O. pratin- 
cola the frequency of which has been determined. None of the 
others has been observed throughout the complete cycle from seed 
to seed and carried into a second generation. In tables II—XI all of 
the variants except mut. nummularia are thrown together as 
“other mutations or suspected mutations.” In explanation of this 
mixed category, it is necessary to state that all unusually small or 
unusually large plants, regardless of whether or not they appeared 
otherwise different from the mass of the culture, were counted as 
“suspected mutations,” in order to be sure that no such variation 
as a mut. xanella would be passed over. To judge from past 
experience, most of the ‘‘suspected mutations” will develop as 
quite normal plants. Consequently the mutability of O. pratincola 
is probably not as great as might be assumed from the tables. 


Mut. Mummularia a discontinuous variation 


Critics of Dr Vries’ work on mutation in Oenothera Lamarckiana 
have not infrequently expressed skepticism as to whether or not the 
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mutations were actually unconnected with the parent form by 
intermediates, which might have been overlooked in classifying 
the young seedlings. An endeavor has been made to forestall the 
same criticism of the writer’s work on O. pratincola by the publication 


Lexiigian C22 Far /0 


lO c777 


Fic. 12.—F; progeny of Lexington C, Oenothera pratincola (pan to of the progeny 
of C-22); the only mutation shown is C-22-20, mut. nummularia; the other plants 
are typical O. pratincola. 


of a series of photographs showing some of the pans in which 
the mutations occurred. Each reader can judge for himself as to the 
discontinuity of the mutations from the rest of the plants. It is 
believed that no one has heretofore published so extensive a series 
of photographs representing random samples of cultures from which 
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none of the seedlings had been discarded. It must be remembered 
that each pan is a fair sample of a whole culture, for the seedlings 
were pricked off when very small and were taken from the seed pan 
as they came, with no attempt at sorting. 


Leargior? C-8E /e7 1 7 
SO C177 -. 


Fic. 13.—F, progeny of Lexington C, Oenothera pratincola (pan 17 of the progeny 
of C-52); one example of mut. nuwmmularia, C-52-28, is shown; the remaining plants 
are typical. 


Figs. 5, 6, 12, 13, 14, 15, and 17 show 7 of the 50 occurrences of 
mut. nummularia in cultures aggregating 13,035 plants. Three 
more of the original plants of this mutation are shown in figs. 3, 4, 
and 16. The figures showing entire pans should give a fairly clear 
idea of what the writer interpreted as fluctuating variation. It is 
believed that very few if any mutations escaped detection in the 
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cultures of 1914. The two mutations of Lexington C (nos. 28 and 
57) which passed muster as typical plants when the seedlings of 
1913 were examined would probably not have been missed in the 


lemgrora CFE £217 3 


4O c177 — — 


Fic. 14.—F, progeny of Lexington C, Oenothera pratincola (pan 3 of the progeny 
of C-72); two mutations are shown, mut. subulata, C-72-5, and mut. nummularia, 
C-72-6; the other plants are typical. 


more searching scrutiny which the seedlings of 1914 underwent.” 
Although some of the mutations cannot be distinguished in the 
young seedling stage with ease, it is believed that the likelihood 

2 Mut. nitida, represented by Lexington C-57 in the cultures of 1913, occurred 
several times in tor4 and was detected in the young seedling stage in every case 
Nov. (1914). 
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of mistaking mut. nwmmularia for the parent type or for one of the 
other mutations is negligible. The orbicular seedling leaves are 
too striking a characteristic to be overlooked. 


Lervagior? C-DW/ fare 
I pp 


Fic. 15.—F, progeny of Lexington C, Oenothera pratincola (pan 6 of the progeny 
of C-g1); one plant of mut. nwmmularia is shown, C-g1-4; the other plants are typical. 


The unlikeness of mut. nummularia and O. pratincola x O. 
numismatica 


Before mut. nummularia had been found in F, progenies from 
guarded seed, it seemed possible that it might be an F, hybrid of 
O. pratincola with some other wild species, of which a few pollen 
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Fic. 16.—Mutations from the F; progeny of Lexington F, Oenothera pratincola; 


the plants are F-1, mut. nwmmularia; F-2, -4, -5, -6, mut. rubricentra; F-3, mut. 
tortuosa (?), taking the plants in,order from the upper left-hand corner. 
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grains had accidentally reached the stigmas of the mother plants. 
This hypothesis was tested by crossing O. pratincola with O. numis- 
matica. As already stated, these two species were the only Onagras 
which the writer found at Lexington. The latter, furthermore, is 
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Fic. 17.—F; progeny of Lexington G, pan 27, Oenothera pratincola; four mutations 
are shown, G-so and G-53, mut. rubricentra; G-51, mut. nitida; G-52, mut. num- 
mularia; the other plants are typical O. pratincola. 


suspiciously similar in several characters to mut. muwmmuilaria, as 
may be seen by comparing the characters already recorded. The 
cross O. pratincola 2 X O. numismatica 4 was conspicuously fertile; 
326 seeds from one capsule gave a culture of 222 plants, consisting 
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of twin hybrids and one mutation. The solitary exception 
was broader leaved than the rest of the culture and is inter- 
preted by the writer as the product of a cross between a mutated ? 
gamete, which if pollinated by O. pratincola would have yielded 
mut. nummularia, and a normal ¢ gamete of O. numismatica. 
This hypothesis will be tested later by appropriate crosses. It is 
clear that a cross between O. pratincola and O numismatica does 
not yield mut. nummularia, or anything resembling it, with greater 
frequency than does unhybridized O. pratincola. Perhaps O. nu- 
mismatica is itself a mutation from O. pratincola, or a form which 
has segregated from the cross mut. nummularia X O. pratincola. 
One would expect the latter cross to occur rather often if, as seems 
to be the case, mut. nummularia itself is partially self-sterile. It 
seems not unlikely that in nature self-sterile or nearly self-sterile 
mutations may be perpetuated by effective cross-pollination, either 
as stable hybrids or as homozygous forms resulting from subse- 
quent segregation. It is an interesting fact that although O. 
pratincola has a very high proportion of good pollen grains (go 
per cent or more), mut. xummularia rarely has pollen which is 
50 per cent perfect, and some anthers produce no good pollen 
at all. 


Conclusions 


1. Oenothera pratincola, a recently described small-flowered self- 
pollinating species from Kentucky, is in a mutating condition com- 
parable with that of O. Lamarckiana. 

2. The most striking of the mutations, O. pratincola mut. 
nummularia, occurred in strains derived from 7 wild mother plants 
out of 8 selected at random. 

3. In two of these strains the mutation was found in both the 
F, and F, generations from the parent plant. In a third strain 
the mutation was found only in the F, generation, but a sufficient 
number of F, plants had not been grown to insure its detection 
in that generation. 

4. Mut. nxummularia appears to occur with a frequency of about 
one individual to each 300-400 seeds planted. The several proge- 
nies showed no significant variation in the mutation ratio. 
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5. The mutation ratio cannot be explained on Mendelian 
grounds. 

6. Mut. nummularia is better adapted than the parent type 
to withstand influences unfavorable to germination. In every 
case where a progeny contained an unexpectedly large number of 
mutations, the germination was correspondingly poor. 

7. Selective germination and differential mortality among 
dormant seeds may be important factors in natural selection. 

8. Mutation is a distinct process from Mendelian segregation, 
and the phenomena exhibited by Oe¢nothera Lamarckiana, O. 
biennis, and O. pratincola cannot be attributed to heterozygosis. 
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THE TEST OF A PURE SPECIES OF CENOTHERA.1 


By BRADLEY MOORE DAVIS. 
(Read April 23, 1915.) 


_ There is probably no group of plants the genetic behavior of 
which has received so much study as the species of Ginothera. No 
group of plants is more prominently before the attention of experi- 
mental plant morphologists, and yet to many botanists it may appear 
that no group has yielded less of satisfaction. Among the workers 
with these forms there is the widest divergence of opinion, and of 
general conclusions there is little to show for the time that has 
passed since the appearance of “Die Mutationstheorie” in 1901 
and the many years of study that De Vries devoted to the group 
previous to this date. 

Can we find the point around which the difficulties cluster most 
thickly or from which the varied interpretations diverge most 
sharply? And, finding such a point can we formulate lines of 
experimentation that may clear the confusion of assumptions from 
which the various workers have proceeded to follow the lines of 
study that seemed to them to lead towards the light? To the 
writer the center of the difficulties lies in the fact that we have no 
accepted tests for the genetic purity of an (Enothera species. 

By the genetic purity of a species we mean such a constitution of 
the germ plasm that a form is able to produce gametes of one type 
only for each sex. That is to say all male gametes of the form 
should have the same germinal constitution and thus be physio- 
logically and morphologically equivalent, and all female gametes 
likewise should be of the same type. The male and female gametes 
may, however, differ in their respective effects upon the characters 
of a succeeding generation as shown by the marked differences 
exhibited by certain reciprocal crosses, for example, the reciprocals 
between biennis and muricata, or between biennis and franciscana 
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(De Vries ’13, Davis ’14). The zygotes of a pure species must 
be uniform since the gametes of each sex are respectively similar, 
and a pure species, to employ that convenient expression of 
Bateson’s, is therefore homozygous. 

It has generally been held that no further proof of the genetic 
purity of a species is necessary than the established fact that it will 
“breed true,” and I venture to believe that at present most workers 
among the cenotheras regard this test as entirely sufficient to establish 
the character of any material with which they work. If any line of 
Cnothera breeds true in large cultures it is confidently regarded as 
homozygous. Should a line fail to breed true to any considerable 
degree it is stamped as a hybrid if the investigator inclines towards 
the methods of analysis characteristic of the Mendelian school. 
Those who believe in mutations are so fully content with this test 
that to them a form need breed only reasonably true to pass as a 
pure species and the departures from the type, called mutations, are 
interpreted as due to modifications of the germ plasm not, however, 
the result of hybridism. 

If a line of Gnothera fails to breed true to a very considerable 
degree and thus becomes suspected of a hybrid constitution, few 
workers would think of using it as favorable material for experi- 
mental studies to test the mutation theory. It is the lines which 
breed reasonably true that chiefly form the subjects of Génothera 
discussions with reference to the theory of mutation. Such a line 
is the Lamarckiana of De Vries’s cultures which when grown in 
large numbers in selfed families appears uniform except for certain 
small proportions of individuals, “ mutants,” which stand out clearly 
from the mass with distinctive characters that are readily recog- 
nized and may be clearly described. It is important to note that 
these new types are not connected by intergrading forms with the 
parent Lamarckiana and that they appear in successive generations 
of Lamarckiana with certain degrees of regularity. 

More impressive than this history of Lamarckiana which has 
flowers open-pollinated, and consequently likely in Nature to have 
been crossed by insects, is the behavior reported for certain lines 
of Cnothera with flowers close-pollinated in the bud, a condition 
that obviously gives their own pollen the first chance to function and 
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thus greatly reduces the probabilities of cross-pollination. Such a 
plant is the biennis of Holland and other parts of Europe, a type of 
especial interest not only for its clear morphological characters but 
also because there is good reason for believing the line to be very 
old. This plant forms a large population in Holland with no near 
relatives and must have lived there for many years to have so thor- 
oughly established itself. Indeed it seems probable that this 
Cnothera, the Dutch biennis, has come down to us essentially un- 
changed from the times of Linnzus who gave us its name. We 
know of no plant better representative of a species of Cenothera 
and we know of no Gnothera which better satisfies the generally ac- 
cepted requirement that a species should “breed true.” 

Enothera bienms L. in large cultures comes so true that hun- 
dreds of plants may be grown without finding a single departure 
from the type. Yet Stomps (’14) in large cultures of selfed lines 
from a single wild plant collected in 1905 discovered that this Dutch 
biennis throws occasional marked variants (“ mutants”) and he de- 
scribed a biennis semi-gigas with the triploid number of chromo- 
somes (21), a dwarf type bienms nanella, and a color variety 
biennis sulfurea with pale yellow petals. De Vries (’15) at once 
took up the study of certain of the lines established by Stomps and 
grew cultures which totaled 8,500 plants. Among these were 4 
plants of biennis semi-gigas about 0.05 per cent., 8 plants of biennis 
nanella about 0.1 per cent., and 27 plants of biennis sulfurea about 
0.3 per cent. Since the percentages from Lamarckiana are for 
Semi-gigas 0.3 per cent. and for nanella 1 to 2 per cent. it should be 
noted that with respect to these “ mutants” biennis appears to be 
the more stable of the two species, although the color variety biennis 
sulfurea constitutes a new type of variant in experimental studies 
on cnotheras. A culture of over 1,000 plants from selfed seed of 
biennis sulfurea, all with pale yellow flowers, produced 2 dwarfs 
thus establishing a “double mutant” O. biennis mut. sulfurea mut. 
nanella. 

As evidence for the mutation theory of De Vries this behavior 
of the Dutch biennis is to the writer much more trustworthy evi- 
dence than the behavior of Lamarckiana for the reason that the 
latter plant in his opinion does not have a clear record of long 
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existence, and probably is a form of comparatively recent origin. 
De Vries (’15, p. 173) has asserted again most vigorously his belief 
that Lamarckiana may be identified with a specimen from the United 
States collected by Michaux and now in the collections of the 
Museum d’Histoire Naturelle in Paris (De Vries, 14). With this 
view I cannot accord for reasons recently published (Davis, ’15a). 
The showing of “mutants” from Cénothera biennis can hardly be 
considered very encouraging for the mutation theory of organic 
evolution when it is remembered that biennis semi-gigas is self 
sterile, that biennis nanella is frequently weakly or diseased, and 
that biennis sulfurea is clearly a retrogressive type having lost the 
power of producing normal yellow flowers. 

Although O. biennis of all the cenotheras brought into the ex- 
perimental garden still seems to me the form most free from sus- 
picion of gametic impurity, nevertheless the line of Stomps has not, 
so far as we know, been subjected to the tests of a pure species sum- 
marized at the conclusion of this paper. De Vries (’15, p. 173) is 
mistaken in quoting me as conceding for this species a pure origin. 
I regard it simply as the safest material yet known on which to 
conduct studies in mutation, and with which other forms may be 
crossed to determine by the constitution of the F, hybrid genera- 
tion whether or not their gametes are uniform. If in such a breed- 
ing test the F, progeny fall into two or more classes the assump- 
tion is justified that the form crossed with biennis must produce 
different classes of gametes. If the F, hybrid generation is uniform 
then it is clear that the functioning gametes male and female are 
respectively uniform. The fact that Lamarckiana crossed with 
biennis produces the “twin hybrids” Jaeta and velutina is, as has 
frequently been pointed out, one of the most important facts favor- 
ing the hybrid nature of Lamarckiana. It seems to me not improb- 
able that other species of Gnothera will eventually be isolated more 
stable than the Dutch biennis. 

Some exceedingly interesting observations have recently been 
reported by Bartlett (’15 a, b, c) on the behavior of certain small- 
flowered, self-pollinated American cenotheras. When grown in 
selfed lines these forms exhibit a behavior similar to that of 
Lamarckiana and biennis in throwing off in successive generations 
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certain new types. Thus from one of the species, Gnothera 
stenomeres, a mutant gigas appeared with the diploid number of 
chromosomes, and from another species, O. Reynoldsii, certain in- 
dividuals throw from 60 per cent. to 80 per cent. of dwarfs. It is 
too early to discuss the remarkable peculiarities of these forms since 
the material of Bartlett has not yet been tested for its purity along 
the lines presently to be discussed. Bartlett regards the new types 
as “mutants” in the sense of De Vries. The important point for 
our consideration at present is the fact that these wild plants ap- 
parently continue to reproduce themselves from generation to gen- 
eration even while giving rise to the new forms. 

With respect to the taxonomic status of the plants which we 
have just considered the writer sees no alternative but their recogni- 
tion as clear species. The Lamarckiana of De Vries, the biennis of 
Linnzus, and most of the types which Bartlett has segregated from 
the American wild cenotheras breed true as to the mass of their 
progeny. What further qualifications can taxonomy in reason de- 
mand? Species they are by virtue of their morphology and by the 
test of the experimental garden which shows their characters to be 
stable to an extent that renders it certain that each line self-pol- 
linated will maintain itself unchanged, indefinitely as far as we can 
see, through successive generations. 

The argument that will follow as to the genetic constitution of 
these species of CEnothera does not in the least affect the matter of 
their recognition in taxonomy as species. It may be prefaced by 
two questions stated as follows: Are the types pure species, homo- 
zygous because the plants develop male gametes of one type only 
and because their female gametes have a uniform germinal constitu- 
tion? Or, are the types heterozygous developing different types of 
male gametes and different types of female; briefly expressed have 
they in some degree a hybrid constitution ? 

But it will at once be asked, how can a species be hybrid even 
to a small degree and yet breed as true as do these forms under 
consideration? Where in their behavior is evidence of a hybrid 
constitution such as might appear in the splitting off of numerous 
different forms varying from the parent type, some in small degrees 
and some in larger degrees? Where is evidence of an orderly segre- 
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gation of characters such as has been demonstrated by the Men- 
delian research of recent years? To these questions it must frankly 
be answered that only here and there are glimpses of situations 
which may possibly be interpreted in terms of Mendelian analysis. 
For example the characters of the “ mutants” are frequently clearly 
retrogressive which indicates that gametes are formed lacking cer- 
tain factors and suggests phenomena characteristic of segregation 
from heterozygous stock and very common in Mendelian behavior. 
Again, the repetition of the same “mutants” in a series of genera- 
tions suggests a mechanism of precision such as we have come to 
associate with Mendelian inheritance. It is not, however, my pur- 
pose to argue at present this phase of the discussion for the experi- 
mental data before us is not in such shape that it can be handled to 
the best advantage. We admit that the “mutants” themselves do 
not establish their parents as in their nature hybrids. If they did 
there would of course be no discussion. 

Under two conditions and apparently two only can a hetero- 
zygous species be conceived as breeding true. 

First, if of the varied possible types of gametes only such unite 
and produce fertile zygotes as will perpetuate the same germinal 
constitution as the parent, then from such zygotes a heterozygous 
line might continue indefinitely as an impure or hybrid species. 
Under such conditions gametes which might in varied combinations 
give a series of different forms (segregates) are either not matured 
or if matured fail to function. Some degree of pollen and ovule 
sterility must be expected as the result of such conditions. 

Second, if of a varied assortment of zygotes formed by the 
union of different types of gametes, only those develop which have 
the germinal constitution of the parent then again a heterozygous 
line might continue indefinitely and constitute a species, although 
impure or hybrid in its nature. Since all of the zygotes which re- 
sult from other combinations of gametes either die or fail to develop 
beyond some early stage in the life history this condition would 
result in some degree of seed sterility or in the production of weak 
plants that must soon perish. 

Now the cenotheras as a group exhibit a very remarkable amount 
of pollen sterility and also a high degree of ovule abortion, and 
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these plants frequently give extraordinarily low yields of fertile 
seeds although seed-like structures may be formed in abundance. 
These facts we are just beginning to appreciate as offering prob- 
lems for study. They seem to the writer of vital importance to 
the discussion of CEnothera genetics, facts which the Mutationists 
cannot ignore and behind which the Mendelians can maintain at 
present a very strong defence for their interpretations of the peculi- 
arities of Cenothera behavior. 

With respect to pollen sterility it has for many years been 
known that Lamarckiana and other species of Cnothera present 
large proportions of abortive pollen grains. Bateson (1902) early 
seized on the point and suggested that the high degree of pollen 
abortion in Lamarckiana indicated a hybrid plant exhibiting partial 
sterility. Geerts (’09) in an excellent account of the cytology of 
Lamarckina showed that approximately one half of the pollen grains 
fail to mature and that one half of the ovules fail to develop em- 
bryo sacs. Geerts (’09, p. 89) also made an examination of more 
than one hundred species of the Onagracee, giving us the condi- 
tions of pollen and ovulue fertility represented in some fifteen 
genera. He found generally in species of CEnothera and allied 
genera a degree of sterility similar to that in Génothera Lamarckt- 
ana, about 50 per cent. for both pollen and ovules. On the other 
hand certain species of Jussieua, Zauschneria, Epilobium, Boisdu- 
valia and Lopezia are wholly or almost wholly fertile. 

My own examination of conditions in the material of Cenothera 
with which in recent years I have worked has shown some remark- 
able differences in the amount of pollen and seed sterility. Such 
close pollinated types as the Dutch biennis, the Dutch muricata, 
American muricata (from Woods Hole), Tracyi, and a number of 
American small-flowered species (for example biennis A and biennis 
D of my cultures (Davis, ’11, p. 197 and ’12, p. 385)), have very 
large amounts of sterile pollen. In the case of the Dutch muricata 
much more than 50 per cent. of the pollen has been sterile. Yet 
these are types which by virtue of their long history of close polli- 
nation might be expected to be among the purest of the species. 
On the other hand the race grandiflora B (Davis, ’11, p. 203), and 
the western species franciscana and venusta, all open pollinated 
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species show hardly more than a trace of pollen abortion, and 
Jamesii from Texas only a small amount of sterile pollen. I have 
this winter tested the seed fertility of some of these species by ger- 
minating the seeds in Petri dishes after the method recently de- 
scribed (Davis, 15b). The Dutch biennis gave a germination of 
about 96 per cent., the Dutch muricata about 72 per cent., grandi- 
flora B about 95 per cent., franciscana about 61 per cent., venusta 
about 87 per cent., and Jamesii about 91 per cent. 

It is interesting to note in the above list that the Dutch biennis 
with its very high percentage of fertile seeds (96 per cent.) has 
extensive pollen abortion and the Dutch muricata with seed ger- 
mination of about 72 per cent. has an even lower degree of pollen 
sterility. On the other hand there are species of GEnothera with 
both high seed and pollen fertility as illustrated by some races of 
grandiflora, venusta and Jamesii. I was especially interested in 
the conditions shown by my race grandiflora B with its almost per- 
fect fertility both as to pollen and seeds. This race isolated from a 
collection of mixed seeds gathered by Tracy in 1907 at Dixie Land- 
ing, Alabama, has always seemed to me to present a type of unusual 
purity. The line was started in 1908 by a cross of two similar 
plants (Davis, ‘II, p. 203) representing the broader-leaved forms 
of grandiflora that were present at Dixie Landing and I have grown 
in small cultures several generations of the plant without noting 
departures from the type. I cannot accept the criticism of De 
Vries (’14, p. 348) that my race grandiflora B is impure because 
from the same collection of mixed seeds of Tracy’s he obtained a 
diversified culture as I also reported (Davis, 11, p. 203) when the 
line was first isolated, and because De Vries and Bartlett found 
the Dixie Landing station “desolate” five years after the visit of 
Tracy. This type may prove to be nearer to the desired pure spe- 
cies than the Dutch biennis. 

Jeffrey in recent papers (14a, ’14b, 715) has taken the position 
“that in good species the spores or pollen is invariably perfect 
morphologically ” and from this standpoint refuses to consider La- 
marckiana and other cenotheras as suitable material on which to base 
experimental studies on mutations. To him the mere presence of 
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abortive pollen suffices to stamp a form as hybrid in character. This 
represents an extreme view which in consideration of our ignorance 
of possible physiological reasons for pollen sterility can at present 
scarcely be claimed as more than an hypothesis. For the cenotheras 
we are greatly in need of cytological and physiological studies on 
pollen sterility more detailed than the incidental observations that 
have so far been published. 

With respect to the abortion of ovules among the cenotheras our 
information is practically confined to the observations of Geerts 
(09), mentioned above. It appears that in O. Lamarckiana and a 
number of other species only about 50 per cent. of the ovules de- 
velop embryo sacs. Other species also show varying degrees of 
ovule abortion. The ovules that fail to mature are represented in 
the capsules by a fine light brown powder known to all who work 
with cenotheras. Such powder is very common in the capsules of 
various species and their hybrids, and it seems probable that ovule 
sterility is as widespread in this group of plants as is the degen- 
eration of the pollen. As in the case of pollen sterility we do not 
know to what extent physiological conditions may also be respon- 
sible for the abortion of ovules. 

Pollen and ovule sterility involve of course the elimination from 
the life history of immense numbers of gametes and raise the fol- 
lowing questions. Can it be that this elimination throws out of 
the life cycle types of gametes with germinal constitutions differ- 
ent from the gametes that matured and that function? It is pos- 
sible that some of the CEnotheras species, in hybrid condition, reg- 
ularly mature for the most part particular classes of gametes 
which in conjugation will perpetuate the genetic line of the parent 
plant? Gametes even when normally developed may still not func- 
tion as when pollen grains fail to germinate upon the stigma be- 
cause its secretions are not suitable. It must also be borne in mind 
that there are yet other phases of the life history when gametes 
may become ineffective as through failure to conjugate or because 
of a high mortality among zygotes, embryos, or young plants; such 
forms of infertility are expressed in sterile seeds or in weak off- 
spring which never mature. Possibly the so-called “ mutants” arise 
when unusual gametes from hybrids, occasionally surviving the ex- 
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tensive process of degeneration, form zygotes also able to survive 
and to develop plants diverging from the parents. 

The subject of seed sterility among the cenotheras has scarcely 
been touched by the students of the group and yet it seems likely to 
become a factor of prime importance in its bearings on the problems 
of CGnothera genetics. Any worker among these plants shortly 
becomes aware of the fact that very many of the seed-like struc- 
tures which he sows fail to germinate even though seed pans are 
kept for many weeks. De Vries makes frequent reference to the 
facts of seed sterility and the writer has in recent years recorded 
the number of seeds sown in cultures and the number of seedlings 
that develop. The results are most surprising and must have sig- 
nificance although what that may be remains for the future to dis- 
close. A line of research has opened before us that will demand 
a special technique, for it is not enough to know merely that certain 
proportions of the seeds germinate within the time practicable for 
keeping seed pans under observation. 

Seed-like structures sown on the earth are obviously lost for 
further enquiry as to the facts of their viability; a proportion of 
seedlings appear but as for the residue, that cannot be examined. 
The residue may contain viable seeds the germination of which is 
delayed, or it may consist wholly of sterile structures. We must 
develop methods that will ensure the rapid and complete germina- 
tion of seeds in convenient receptacles such that the residue of 
sterile structures may be left for study after the seedlings have 
been removed and set in the earth. By such methods cultures of 
CEnothera may be grown in which one may feel confident that all of 
the viable seeds have germinated since by an examination of the 
residue it may be determined whether or not the seed-like structures 
have embryos. It is probably safe to say that no culture of Gno- 
thera has as yet been described in which we may feel certain that 
the progeny of the sowing is complete. During the past winter I 
have tested the percentage of seed fertility in some fifty species and 
hybrids of CEnothera germinating the seeds on pads of wet filter 
paper in Petri dishes. With this method may advantageously be 
combined the clever practical suggestion of De Vries (’15, p. 190) 
of forcing water into wet seeds by air pressure thereby greatly 
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hastening their germination. A description of a method of seed 
germination which will, I think, prove to be satisfactory in gen- 
etical work on CEnothera may be found in the Proceedings of the 
National Academy of Sciences, Vol. I., p. 360, 1915. 

The first investigator to make use of the facts of seed sterility 
in suggesting Mendelian interpretations of the behavior of La- 
marckiana and certain CEnothera crosses has been Renner (’14) 
and his line of investigation has opened a field of research and spec- 
ulation that must be reckoned with in the future. Renner has 
studied the seed structure in Lamarckiana, biennis and imuricata, 
and in certain crosses among these forms. His conclusion on the 
genotype of Lamarckiana will illustrate the principles underlying 
the method of attack. Since Lamarckiana when crossed with bien- 
nis and certain other species gives in the F, hybrid generation the 
twin hybrids /eta and velutina it may be assumed to develop two 
classes of gametes which function. These may be spoken of as the 
leta and velutina gametes and are produced in about equal numbers. 
When Lamarckiana is self-pollinated the eta and velutina gametes 
may combine in proportions to give I pure Jeta: 2 leta-velutina: I 
pure velutina. It is a fact that more than one half of the seeds 
of Lamarckiana fail to develop normal embryos and Renner con- 
cludes that these sterile seeds represent zygotes homozygous re- 
spectively for the /eta and velutina factors. The fertile seeds de- 
velop from the heterozygotes with both /eta and velutina factors 
combined and this combination gives the characters of Lamarcki- 
ana. Cénothera Lamarckiana may thus be an impure or heterozygous 
species breeding true because of the death of such zygotes as carry 
the factors for Jeta and velutina in homozygous conditions. This 
simple Mendelian explanation of the behavior of Lamarckiana 
points a line of interpretation and study certain to be fruitful in 
CEnothera research. 

Among hybrids of Cnothera the seed sterility sometimes runs 
extraordinarily high. The most remarkable illustrations of this fact 
so far known appear in the second generations of crosses involving 
the Dutch biennis and the Dutch muricata which exhibit certain 
remarkable morphological peculiarities discovered and described by 
De Vries (’13). First generation hybrids of reciprocal crosses 
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between these species grown by the writer in 1913 gave data on 
seed germination in the earth as presented in Table I. 


TABLE I. 
F, Hyprips or RECIPROCAL CROSSES BETWEEN O. biennis AND O. muricata. 
Culture. | Cross. Seeds | Sown in Seedlings. Germina- | Duration of 
Sown, tion, Experiment. 
13.33 | F! biennis X muricata | 673 Earth 139 20% 6 weeks 
13.34 | F! muricata X biennis | 153 Earth 97 63% 7 weeks 


It is probable from my experience with other species crosses 
that the viability of the seeds of these F, hybrids is really high and 
that the relatively low percentages recorded above are due to de- 


TABLE II. 


F, Hysrips oF ReciprocAL CrossES BETWEEN O. biennis AND O. muricata, IN- 
CLUDING CERTAIN DouBLE RECIPROCALS, SESQUIRECIPROCALS, AND 
ITERATIVE Hysrips. 


Culture: Crees: Seeds | Sown | Seed- | Germina- | Duration of 
Sown in lings. tion. Experiment. 
14.41 (13.33a) | Fe, biennis X muricata| 466 | Earth 8 1.7% 9 weeks. 
14.42 (13.34c) | Fe, muricata X biennis| 205 | Earth; 35 12% _ | 9 weeks. 
14.43 double reciprocal 73. +| Earth 8 11% 9 weeks. 
(13.33a X 13.34)| (b X m) X (m X 6) 
15.31 sesquireciprocal 267 | Earth! 25 9% | 9 weeks. 
(14.33 X 14.16) (b Xm) Xb 
*¥YS,.37 sesquireciprocal 282 Petri ; 132 46% _ | 6 weeks. 
(14.33 X 14.16) (b Xm) Xb dish 
15.32 iterative 22 | Earth I 4% | 9 weeks. 
(14.16 X 14.33) bx (b Xm) 
15.33 iterative 212 | Earth 2 0.9% ‘| 9 weeks. 
(14.33 X 14.20) (b Xm) Xm 
¥*15.33 iterative 292 Petri! 42 14% 7 weeks. 
(14.33 X 14.20) (6 Xm) Xm dish 
15.34 iterative 217 |Earth| 47 21% | 9 weeks. 
(14.34 X 14.16) (m Xb) Xb 
#1534 iterative 373 Petri, 73 19% | 4 weeks. 
(14.34 X 14.16) (m Xb) Xd dish 
15.35 sesquireciprocal 246 |Earth| 43 17% _ | 9 weeks. 
(14.34 X 14.20) (m Xb) Xm 
¥15.35 sesquireciprocal 498 Petri, 198 30% 7 weeks. 
(14.34 X 14.20) (m Xb) Xm dish 
15.36 iterative 198 |Earth| 51 25% | 9 weeks. 
(14.20 X 14.34) m X (m X b) 


layed germinations. 


But the figures for germination in the earth 


of F, hybrids and of double reciprocals, sesquireciprocals, and iter- 
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ative hybrids are most surprising in the degree of sterility or de- 
layed germination shown. They are given in Table II., where are 
also presented the records of four cultures sown in Petri dishes in 
which the germination was complete as proved by an examination 
of the residue. 

A comparison in Table II. of the record for culture 15.31 with 
*15.31, 15.33 with *15.33, and 15.35 with *15.35 will illustrate the 
gain in germination that may come through sowing seeds in Petri 
dishes. The percentages of germination presented above for the 
hybrids of biennis and muricata must not be regarded as expressing 
exactly the degree of seed fertility under the conditions of the 
experiments since with the harvests of seed are frequently found 
very many structures too large to be abortive ovules and too small 
to be counted as “seeds” in the sense of falling within the limits of 
seed size. These structures are probably undeveloped seeds but 
only a microscopical examination can determine this point; if so, 
their presence of course always lowers the percentage of zygotes 
capable of giving progeny. 

Bearing in mind the fact that pollen sterility in biennis and 
muricata is 50 per cent..or more and that pollen abortion in the F, 
hybrids is very much higher (in fact very little good pollen is pro- 
duced) the total amount of sterility both gametic and zygotic is 
simply amazing. Under such conditions how can the behavior of 
these hybrids be looked upon as indicative of anything but a most 
unusual situation, in itself very interesting, but far beyond the ex- 
pectations of normal hybrid behavior. This remarkable degree of 
sterility among the hybrids of biennis and muricata is perhaps ex- 
treme for the cenotheras, but it serves to illustrate conditions ex- 
tensively present in the writer’s experience and doubtless also in 
the experience of others. 

De Vries has described the hybrids between biennis and muri- 
cata as breeding approximately true which in the main has also been 
my observation. Apparently largely upon this behavior and that of 
certain other crosses he has reached the conclusion that hybrids 
between species of CEnothera are stable. In this opinion of De 
Vries I cannot agree for my crosses between grandiflora and certain 
small-flowered American species (Davis, 12 and ’13), and between 
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biennis and franciscana have in the F, generations given abundant 
evidence of that extensive variation interpreted as segregation. I 
believe that the apparent stability of the very small progenies pro- 
duced by hybrids of biennis and muricata simply means that the 
remarkably high mortality among gametes and zygotes of these 
hybrids, or the delayed germination of their seeds, has prevented 
the appearance in our cultures of the diverse types which theo- 
retically would be expected. Any general conclusions on genetic 
behavior in the cenotheras which fails to take into account the 
phenomena of sterility rests upon insecure foundations. 

It is true that we do not know to what extent physiological fac- 
tors may affect seed sterility as well as pollen and ovule abortion. 
Nevertheless a main fact is clear, namely that seed sterility elimi- 
nates in certain CEnothera species and hybrids immense numbers 
of zygotes which fail to develop seeds. And, furthermore, we 
know for cenotheras that large classes of weak offspring are some- 
times produced that are unable to reach maturity. Seedlings with 
white or yellow cotyledons, which quickly die, are not uncommon 
in my experience with Cnothera cultures; in certain cases they 
have appeared in very large numbers (Davis, 711, p. 222) and prob- 
ably have important genetical significance. This situation in Géno- 
thera finds a close parallel in the behavior recorded for a number of 
animals and plants. Thus Baur’s “ golden” variety of Antirrhinum is 
an impure or heterozygous form which besides reproducing itself 
throws a class of normal green plants and a class represented by 
weak yellow seedlings that shortly die. The yellow mice studied 
by Castle and Little although interbred always remain impure giv- 
ing progeny heterozygous for yellow because of the death of zygotes 
with a double dose of the factor for yellow. A dwarf wheat iso- 
lated by Vilmorin cannot be fixed since it always remains hetero- 
zygous throwing talls but never producing homozygous dwarfs. 
The white female form of the clover butterfly, Colias, was found 
by Gerould always to give yellow offspring either because of the 
failure of the gametes carrying white to conjugate or because zy- 
gotes homozygous for white fail to develop. A form of Drosophila 
characterized by confluent wings has been found by Metz only in the 
heterozygous condition, always throwing normals and never breed- 
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ing true; flies homozygous for confluent wings are apparently not 
viable. Is it not possible that parallel or related phenomena are 
extensively present among the cenotheras? The mortality as shown 
by sterile seeds may indicate the elimination of large groups of 
forms divergent from the parent types, and some of the curious 
dwarfs and aberrant plants which again and again have been re- 
ported in Cénothera lines may be from zygotes barely able to sur- 
vive the death-producing conditions that eliminate so many of their 
companions. 

So far we have considered evidence chiefly of a negative charac- 
ter for the contention that many of the species of (Enothera are 
impure or hybrid species. We have tried to show that pollen, 
ovule, and seed sterility must all be reckoned with as conditions 
which may eliminate Mendelian classes of gametes and hold a line 
to a history of relatively true breeding even though the stream of 
germ plasm remain heterozygous or impure in character. The nat- 
ural corollary of such behavior, if proven, might be the interpreta- 
tion of so-called ‘‘ mutants” as segregates from a hybrid stock that 
were able to survive the destruction meted out by conditions that 
produce sterility. To what extent the causes of sterility may lie 
in the history of gametogenesis or may be due to unfortunate com- 
binations of gametes, or to what extent sterility is the result of 
physiological factors, these are problems that lie before us. 

Let us now examine some positive evidence that certain species 
of Gnothera do form distinct classes of gametes and in consequence 
seem likely to be heterozygous in their constitution. That which 
first demands attention is the situation discovered by De Vries in 
certain first generation hybrids and by him named “twin hybrids.” 
We have already referred to this phenomenon first described by De 
Vries (’07) for the behavior of Lamarckiana which as a pollen 
parent in crosses with other species of Cenothera gives not uniform 
F, generations but the two types /eta and velutina (twin hybrids), 
produced in about equal numbers. Certain “mutants” of La- 
- marckiana also give twin hybrids under the same conditions as 
those produced by Lamarckiana. The behavior is so exact that the 
simplest hypothesis must suppose that Lamarckiana and these “ mu- 
tants” form two classes of gametes which are fertile in these par- 
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ticular crosses. De Vries (’09) has also described “ triple hybrids ” 
when the “mutants” scintillans and lata are pollinated by such 
species as produce the twin hybrids from Lamarckiana. In such 
cases two of the forms have the characters of leta and velutina 
combined with those of the other parent, and the third form re- 
sembles the mother, either scintillans or lata. The phenomena of 
twin and triple hybrids is treated in detail by De Vries (’13) in 
“ Gruppenweise Artbildung.” 

From a Mendelian standpoint the production of twin and triple 
hybrids is strong evidence that Lamarckiana and such of its 
“ mutants ” as behave in this manner are impure or hybrid since the 
male or female gametes are not uniform, a point which has been 
emphasized by several critics of the mutation theory. De Vries 
assumes that Lamarckiana forms its different classes of gametes as 
a result of its mutating instability but the precision of the process 
falls completley in line with what we know of Mendelian behavior. 
The remarkable studies of Shull show that crosses between La- 
marckiana and cruciata give in the first generation polymorphic 
progenies of much greater complexity than the twin hybrids of De 
Vries. Shull’s results have not been published in full but, as I 
understand them, they indicate the interaction of several classes of 
gametes, a condition very far from what would be expected if 
genetically pure species had been crossed. 

Very interesting are the observations of Atkinson (’14) on first 
generation crosses between CEnothera nutans and O. pycnocarpa. 
These two forms are American species recently segregated by Atkin- 
son and Bartlett from the biennis alliance. They have bred true in 
garden cultures. When pycnocarpa is pollinated by nutans twin 
hybrids appear in the first generation. In the reciprocal cross 
nutans Xpycnocarpa the same twin forms are produced and in addi- 
tion a third type, making this generation a compound of three dis- 
tinct forms, triple hybrids. Atkinson, apparently confident of the 
genetic purity of nutans and pycnocarpa assumes that the determina- 
tion of the twin and triple hybrids takes place through a differential 
division in the zygote by which factors representing certain char- 
acters are side tracked in the suspensor cell and only those respon- 
sible for the twins and triplets pass on to the embryo. There is no 
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cytological evidence that the first mitosis in the zygote of a higher 
plant is ever a differential division. To the writer the situation 
indicates that one or both of the two species is heterozygous and that 
for this reason classes of gametes are formed, appropriate combina- 
tions of which give the twins and triplets. No data has been pub- 
lished respecting the sterility of these two species, either of pollen 
or ovules, and nothing of seed abortion. An understanding of the 
genetic constitution of the species is likely to be a difficult matter, 
but it does not seem probable that both are pure. 

What shall be said of the probable purity of the plants of 
Enothera and Raimannia with which MacDougal worked in his ex- 
periments designed to create new species by the injection of certain 
fluids into the ovaries. The parent material was reported to breed 
true, but the cultures were small and not long continued and there is 
no reason to suppose that a complete germination of the seeds was 
obtained. No information is given on the fertility of the species 
either with respect to the abortion of gametes or the proportion of 
good seeds. The material was not tested by cross breeding with 
other forms (the purest known) to determine whether the F, hybrids 
were uniform, a most necessary test in the establishment of a stock 
as homozygous. Thus from our present viewpoint we cannot 
accept MacDougal’s conclusion since the probabilities are very great 
that the new types which appeared in his cultures were produced not 
as the result of the injections but because of the genetic impurity 
of the plants themselves. 

In the above discussion the writer has taken definitely a Men- 
delian attitude in sympathy with the criticisms of Bateson and the 
studies of Heribert-Nilsson (’12) and of Renner (’14). There are 
constant suggestions of order in the phenomena of inheritance 
among the cenotheras which while they may not fall into simple 
schemes of Mendelian notation nevertheless do indicate system even 
though masked by complexities. That the complications at least in 
great part are due to the genetic impurity of the CEnothera material 
which has been so far the subject of study is the writer’s belief. 
The difficulties that surround the analysis of Génothera inheritance 
are probably in very large measure due to the extraordinary amount 
of sterility, gametic or zygotic, or both, that is present in the group. 
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Upon students of this genus rests the responsibility of obtaining 
data on this sterility and, if possible, of discovering its causes. The 
assumption that a line represents a pure species because it breeds 
true is not a safe foundation upon which to conduct experimenta- 
tion in the cenotheras. This is the assumption upon which have 
been based many of the conclusions of the Mutationists, and from it 
we must dissent. We cannot depart from the principles underlying 
Mendelian methods of research which have so brilliantly opened the 
present century of biological investigation. 

Finally what are the tests that must be applied to an Cénothera 
species to determine whether or not it is pure. 

First—There is the breeding test and that must be applied with 
such experimental methods of seed germination (Davis, ’15) as will 
insure a complete progeny from the sowing, a progeny wholly repre- 
sentative of all types of viable seeds. Even then the breeding test 
is negative rather than affirmative in its conclusions. Should the 
form throw off numerous variants it naturally becomes a subject of 
suspicion, but should it breed true or relatively true that does not in 
this group of plants prove it to be homozygous in its germinal 
constitution. 

Second.—Information must be obtained on the character and 
degree of sterility present, both gametic and zygotic. Sterility, 
unless shown to be strictly physiological in its character, suggests 
genetic impurity. 

Third —Cross-breeding tests must be planned and followed in 
which the form under observation is mated with material of known 
genetic purity. If the hybrid plants of the first generation are 
essentially uniform and the result of a normal germination of the 
seeds the indications are strong that the form is truly pure provided 
that the gametes are likewise normally fertile. If the hybrids of 
the first generation fall sharply into classes the material must develop 
gametes of different germinal constitutions and is consequently 
heterozygous. One favorable cross with a pure species may not be 
sufficient to establish the purity of a form; a number of favorable 
tests with pure types will carry increasing conviction. 

It is thus not an easy matter to determine the fact whether or 
not a species of CEnothera is pure, and yet this is fundamental to 
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experimental studies in the group. On the assumption of specific 
purity the Mutationists rest their conclusions. This condition with 
respect to the characters studied is also basic to Mendelian experi- 
mentation. It need scarcely be emphasized that no species of 
Cnothera has as yet passed the tests for genetic purity outlined 
above and that consequently we have at present no standard material 
with which forms may confidently be mated in the test of cross- 
breeding. It should become the concern of Cenothera geneticists 
to find and isolate pure material as the starting point of further 
studies in experimental morphology. Whether such pure forms 
will be found among the wild species or as products of the garden 
time will determine. 


UNIVERSITY OF PENNSYLVANIA, 
May, IgI5s. 
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STUDIES OF INHERITANCE IN THE EVENING PRIM- 
ROSE.* 


By R. R. GATES, Pu. D., 
UNIVERSITY OF CHICAGO. 


It might appear at first sight that the botanist could not con- 
tribute directly to the solution of the problems of heredity in man. 
But I think you will realize that since all organisms have many 
fundamental features in common, and since the processes of heredity 
show a wonderful uniformity, both in mechanism and _ results, 
throughout the plant and animal kingdoms, data derived from the 
study of variability and inheritance in plants may be applied, with 
the necessary minor corrections, to problems concerning man him- 
self. While the special problems of Eugenics resulting from man’s 
civilization and social development are foreign to the plant breeder, 
yet inasmuch as man is an organism, studies based on plants can 
contribute to an understanding of the phenomena of heredity in man 
equally with those based on animals. It is a well-known fact that 
students of animal and plant breeding are wont to apply their 
results to the solution of problems in each other’s fields, and while 
this practice may be carried too far, yet in general the results have 
amply justified such a procedure. 

With these preliminary remarks I wish to bring to your atten- 
tion some remarkable facts of variation among certain of the Evening 
Primroses. 

-Professor Hugo De Vries, of Amsterdam, Holland, was the 
first to make a prolonged study of the Evening Primrose. He found 
it growing wild near Amsterdam, where it had escaped from gardens, 
having been introduced into Europe from America in a previous 
century as a garden flower. The species concerned is called Oenothera 
Lamarckiana, and it showed a remarkable range of variability. Pro- 


*Abstract of an address given before a joint meeting of the Physi- 
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fessor De Vries removed certain plants of this species to his experi- 
mental garden and found that they continued to exhibit this wide 
range of variation, a number of new types arising from the parent 
form and most of them breeding fairly true to their particular type. 
When the seeds of O. Lamarckiana were sown in quantity about 1 
to 5 per cent of the plants developing from them belonged to one 
of the new types, the remainder being like the parent form. 

This process of the sudden origin of a series of new types from 
one parental form De Vries called “mutation,” and chiefly on his 
observations of phenomena of this sort in the Evening Primroses, 
extending over many years, he founded his mutation theory of evolu- 
tion. This theory may be very briefly stated as follows: This is 
the general method of species origin in nature, new forms originating 
suddenly and breeding true from the start, these jumps or saltations 
replacing the slow and gradual Darwinian process of natural selec- 
tion. Each of the new types presents a series of new unit characters 
which were not present in the parent species. Some mutants are 
said to be retrogressive, in which there is a loss of characters through 
their becoming latent. Others are considered to be progressive 
mutants in which additional units have appeared which the parent 
form did not contain. 

In order to explain the sudden origin of new unit characters 
in the case of progressive mutants, De Vries made an assumption 
which to many of us seems unjustified, namely, that at some time in 
the previous history of the mutating species, representatives of these 
new units had made their appearance in some mysterious manner 
in the germ plasm. The fact that this is purely an assumption 
without any basis in observation needs to be emphasized. 

My own studies of these plants have led me to the opinion that 
this assumption is wholly unnecessary and that the phenomena con- 
cerned may be more reasonably explained in another manner. I 
have gradually come to view this process of mutation as one of 
analysis in which each of the new types or mutants is lacking in 
some character or set of characters which the parent form possessed. 
This view places quite a different evolutionary value on these phe- 
nomena, but it would take far too long to discuss these facts in all 
their bearings on present day views of evolutionary processes at this 
time. 

According to this view all the mutants, with one exception, to 
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be explained later, are considered as originating through the loss of 
characters and hence would all come under De Vries’ category of 
retrogressive mutants. Even in the case of O. rubrinervis, which De 
Vries cites as a progressive mutant, while there is no apparent loss of 
characters, experimental studies which I can not undertake to ex- 
plain here have also shown that there is no reason for assuming that 
anything new or additional has been acquired which was not present 
in 0. Lamarckiana. 

In the case of O. gigas, another “progressive mutant” of 
De Vries, it is also believed to be a false conception to say that addi- 
tional characters have suddenly appeared in its germ plasm, for this 
mutant differs from all the others I have studied in that it has 
double the number of chromosomes present in the parent form, 
O. Lamarckiana. This means that when O. gigas originated there 
was a sudden doubling in its number of chromosomes, but this does 
not necessarily imply anything more than a duplication of the set 
of chromosomes already present in the parent. It will be seen, how- 
ever that on account of this change in the number of chromosomes, 
O. gigas comes in a different category from all the rest. It has lost 
no characters, but seems to have merely had a duplication of the 
chromosome set present in O. Lamarckiana. The assumption that 
new unit characters suddenly appeared in one of the germ cells giving 
rise to the O. gigas mutant is just as uncalled for as in the case of 
the other mutants. 

Several series of facts which I can not take up here support my 
view that the mutants, with the exception of O. gigas, have arisen 
through a process of analysis, different sets of characters being lost 
from the germ cells giving rise to each mutant. The peculiar phe- 
nomena of hybridization among these forms are simply explained on 
this basis. In general, when two mutants are crossed, the parent 
form, 0. Lamarckiana, appears in the first generation of hybrid off- 
spring, in addition to both the mutants. Other complexities may 
enter in some cases, but these are the only facts that it is necessary 
to consider here. ‘These two results, first that the mutants them- 
selves breed true when self-pollinated and never revert; second that 
when crossed they produce the parental type, O. Lamarckiana, at 
once, but never any type showing new synthetic characters, are both 
easily explained if we suppose that each of the mutants was lacking 
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in a different set of characters which the parent possessed. This 
principle will also explain some of the well-known cases of reversion 
on crossing cited by Darwin and others. i 

The Mendelian type of inheritance described by Professor Castle 
appears also to be due to a process of analysis, and in many cases, 
as in mice and rabbits, coats of various colors seem to have arisen 
by the loss of different factors which were present in the ancestral 
form. This analytical process, however, appears to be simpler and 
more easily understood than in the case of mutations. 

It is probable that certain cases in man, such as a predisposition 
to particular diseases, can best be explained as due to the loss of 
certain factors in the inheritance. 


Having thus very briefly and hastily presented before you a few 
of the facts of mutation in the Evening Primroses, and a glimpse of 
the general viewpoint growing out of these results, I should like for 
a moment to direct your attention to an entirely different line of 
work, which, however, led me toward the same conclusion I have 
already stated to yon, and in fact furnishes a further basis for it. 
This is a study of the structure of the germ cells of these forms, 
to find out if there was any microscopic or cytological basis in their 
nuclei, for the sudden origin of these new types. I have been en- 
gaged in this work fur several years and a discussion of the inter- 
esting results might well have cceupied all my time this evening. 
Their technical character, however, renders them difficult to present 
in a short time, and I will merely say that these studies have shown 
that there is a possible basis for the sudden origin of the new types in 
the behavior of the chromosomes in the germ cells at the time the latter 
are formed. Owing to this peculiar behavior? occasional irregulari- 
ties occur in the distribution of the chromosomes at the time the 
germ cells are produced. Ordinarily the germ cells contain a single 
set of chromosomes, but cases will occur, owing to these irregular dis- 
tributions, in which a germ cell will contain two chromosomes of 
one pair and lack both representatives of another pair. The number 
of chromosomes therefore will remain constant, but certain germ 
cells will nevertheless be entirely deficient in a particular kind of 
chromosome. Modern cytology has produced many lines of evi- 


1. Anyone wishing to read an account of this matter may refer 
to the Botanical Gazette 46:1-34. 
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dence, which are too involved to discuss here, tending to show that 
the chromosomes are not all alike in their relation to heredity, but 
that they are, as we say, qualitatively different. Therefore a germ 
cell lacking both members of a given type of chromosome (one de- 
rived from each parent) would be lacking in the ability to produce 
the corresponding set of characters. You thus see that in these 
occasional irregular distributions of chromosomes in the germ cells 
in the Evening Primrose we have a possible basis for the sudden 
appearance of apparently new sets of characters which are, how- 
ever, believed to be due to the Joss and not to the addition of 
anything. 

It should be borne in mind that this view of mutation as a 
process of analysis is equally valid whether it be based upon the 
chromosome distributions or considered entirely apart from these 
phenomena. 

It seems probable that much species-formation may have taken 
place in the manner I have suggested, by an analytical process in 
which certain factors are lost from the germ plasm of the parent 
species, thus giving rise to a series of different types. But this evi- 
dently can not be the only evolutionary factor, for quite a different 
set of forces is necessary to account for the origin of new organs 
and for the steady progression. in complexity which has taken place 
so many times in the evolution of the plant and animal kingdoms. 

In conclusion I should like to outline to you a study I am mak- 
ing in quantitative inheritance, because it may have a direct bearing 
on the complex problem of the inheritance of purely quantitative 
variations in man. This study concerns the amount of red pigment 
present in the sepals of the flower buds of Oenothera rubrinervis, a 
_mutant which is characterized in part by having red streaks on its 
sepals. The extent of this color pattern shows a wide range of 
variability on either side of the commonest or modal condition. And 
I have already found that in some cases, at least, the offspring of 
an individual show the same amount or extent of pigment as their 
parent form, t.¢., they breed true to this purely quantitative differ- 
ence. This shows that some initial difference in the germ cells de- 
termines their capacity for producing a certain amount or extent of 
pigment in the adult individual developed from them under given 
conditions. 

Some recent work seems to indicate that the different coat 
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colors of mammals, such as Professor Castle has described, are due 
to different stages of oxidation of a single melanin pigment. If 
this is the case, then Mendelian inheritance would appear to resolve 
itself into the inheritance of purely quantitative differences. Some 
quantitative factor or condition of the germ cell determines that the 
oxidation of this pigment shall stop in the adult individual at 
different points in different cases, giving for instanee, a black mouse 
in one case and a yellow one in another. 

A knowledge of the inheritance of purely quantitative differ- 
ences would therefore seem to be more important than ever before, 
because many apparently qualitative differences may in the last 
analysis prove to be purely quantitative. The study of the inherit- 
ance of the capacity for producing different quantities of pigment, 
which I have briefly outlined to you, is only begun, but I hope later 
to get many more data of quantitative inheritance from this source. 
Needless to say, a knowledge of the inheritance of quantitative differ- 
ences in man would be valuable from the standpoint of Eugenics. 


Abnormalities in Oenothera_ 
By R. R. GATES: 
(From THe TWENTY-FIRST ANNUAL REPORT OF THE MissouRI BOTANICAL GARDEN) 


ISSUED DECEMBER 22, 1910 


ABNORMALITIES IN OENOTHERA. 
BY R. R. GATES. 


In connection with my Oenothera cultures, particularly 
among plants grown during the past two seasons at the 
Missouri Botanical Garden, I have had occasion to observe 
several interesting “abnormalities” of structure. These 
include virescence or frondescence and polymery of the 
flowers, tricotyly and variegation of leaves. I have thought 
it worth while to devote a short paper to a description of 
some of these cases which have an evident bearing on 
problems of variation and inheritance. 


VIRESCENCE.—In my experimental garden of 1909 four 
plants exhibited virescence of the flowers. These were all 
descendants in the second generation from plants which 
were derived from the English coast near Liverpool, the 
first generation having been grown at Woods Hole, except 
in the case of one (No. 47), which was grown in the tropical 
greenhouse at the University of Chicago. These four plants 
were therefore all from cultures of closely related forms, 
and in some of their characters were intermediates between 
O. grandiflora and O. Lamarckiana. The summer tempera- 
ture at St. Louis in 1909 ranged exceptionally high, read- 
ing 100° F. in the shade in one instance. The change in 
climate which the plants experienced was therefore very con- 
siderable, and one of the cultures had been subjected to such 
high temperatures for two successive seasons. This may per- 
haps have had something to do with the appearance of these 
cases of virescence, the alteration in the conditions acting as 
a stimulus to the production of the abnormality. That the 
tendency to produce virescent individuals is inherited, is 
shown by the reappearance of virescent plants in one race 
in successive generations, and their failure to appear in 
many other races, ¢. g., O. Lamarckiana and its mutants. 

(175) 
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Two of the cases of virescence in 1909 occurred in a race 
which I have called O. multiflora, the description of which 
will be published at another time. This race is descended 
from a single individual grown at Woods Hole in 1908. A 
total of 376 first-generation offspring of this individual have 
been grown in the two following years, and also (in 1910) 
50 plants of the second generation from the self-pollination 
of one individual of the first generation. The plants of the F, 
included a total of 15 virescent individuals, or very nearly 4%. 
The 50 plants of the F, contained one showing virescence. 
In a culture of 36 plants from seeds received from the Botan- 
ical Garden at Karlsruhe under the name O. chilensis, which 
proved to contain two very distinct types, one plant was 
virescent. This abnormality has not appeared in any others 
of the many races of which I have grown cultures. 

All the plants showing virescence were affected in exactly 
the same way, although in some the early flowers were nor- 
mal and produced fruits, only the later flowers showing the 
peculiarity. JI have not compared the offspring from such 
capsules with those of normal plants, though if this were 
done it might be found that the virescent tendency was inher- 
ited more strongly in the former case. In one plant a side 
shoot produced flowers which were quite normal while the 
main stem produced only flowers of the virescent type. 

One plant of O. multiflora, in which all the flowers but 
the earliest were virescent, is illustrated in plate 29. The 
peculiarities of structure exhibited by these flowers may now 
be described. Plate 30, f. 1, shows a group of the flowers, 
natural size. The sepals are green inside and outside, large 
and bag-like and more or less crinkled or curled. They are 
tapering at the end, terminating in long, slender sepal tips. 
Perhaps frondescence or phyllody would be a more suitable 
term than virescence to apply to this condition, for the sepals 
have become quite leaf-like. Plate 30, f. 2, shows several 
flowers opened and photographed to show the other organs 
of the flower. The petals retain a greenish yellow color, but 
are in all cases very small (usually about half an inch in 
length, though sometimes larger) and blunt at the tip. The 
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anthers are small, with very short filaments, empty and 
sterile. The style is frequently markedly pubescent almost 
to the top. It tapers strongly and gradually to the top which 
is very slender, and the stigma lobes are reduced to four 
delicate prongs. 

A remarkable peculiarity of all these flowers is the com- 
plete, or almost complete, suppression of the hypanthium. 
I have remarked elsewhere (Gates, 1910, footnote, p. 208) 
that the attacks of a certain insect also lead to suppression 
of this organ. Its wide variability, which Shull (1907) has 
proved statistically, and its suppression under various abnor- 
mal conditions, as I have shown, are probably significant 
facts, related to its recent phylogenetic development as sug- 
gested by MacDougal. A marked feature of this type of 
virescence is that the flowers do not drop off but remain per- 
manently attached to the stem. In many cases an elongation 
occurs below the ovary. This is more slender than the ovary 
and is hard and woody, tough, and strongly attached to the 
stem. In the meantime (see plate 30, f. 2, flowers to the left) 
leaves grow out from the interior of the flower and in this 
way the flower becomes transformed into a short side branch. 
The ovary in the meantime almost completely disap- 
pears, possibly becoming transformed into a portion of 
the woody branch by an alteration in its structure. 
This stem is always more slender than was the original ovary. 
A whole group of young leaves of abnormal shape (long and 
narrow) may grow out of the flower in this manner. The 
elongation to form a side branch is sometimes partly above 
and partly below the ovary, as may be seen from plate 29. It 
may also be seen from this figure, though not clearly, that 
the lower flowers on the main stem were normal and have 
dropped off leaving the growing ovaries behind. Some of 
these afterward developed into large capsules. 

The plant in 1909 which produced only virescent flowers, 
wilted and died about August 10th for no assignable cause, 
while the other plants continued to bloom long afterwards. 
It seemed ag though the production of virescent flowers was 
equivalent to seed production in the physiology of the plant, 
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and was therefore followed by drying up and death such as 
occurs with normal plants later in the season. The plant 
in the offspring of No. 47, showing virescence, was not ob- 
served to have virescent flowers until September 29, when the 
blooming season was nearly past. On this plant the ends 
of all the branches bore only virescent flowers, while farther 
down the branches normal seed capsules had been produced. 
Virescence therefore developd in all the flowers simulta- 
neously but only appeared at the end of the season. The 
virescent flowers on this plant became fairly stout branches, 
in some cases even possessing internodes. 

In the virescent flowers there was no departure from the 
normal number of parts, but when leaves developed within 
these they exhibited no regularity in number or arrange- 
ment, though always growing out from just within the cycle 
of the petals. 

DeVries refers to what appears to be a similar case in 
Ocnothera subovata (1909, p. 423), but does not describe it. 
He has also described a different type of virescence which 
is pathological in nature, due to the attacks of certain para- 
sites. Masters (1869) gives a list of cases of virescence 
(p. 388) in which he includes Oenothera, with the suggestion 
that it might perhaps better be called frondescence or phyl- 
lody. On p. 252 of the work referred to, cases of frondes- 
cence or virescence of petals in Oenothera striata are cited. 


PoLyMERY OF THE FLowers.—A number of cases of flow- 
ers with an increased number of parts were observed in the 
cultures of 1909 and 1910. No special effort was made to 
find them all, but they were recorded as they happened to 
be observed by myself or my assistant. Masters, on p. 44 
of the work above cited, refers to species of Oenothera as 
exhibiting synanthy. Many of the cases of polyphylly in 
flowers of Oenothera, to be described shortly, are due to 
synanthy, as I shall show. Certain other cases will require 
a different’ explanation. 

DeVries (1909, pp. 472, 482) has recorded a number of 
cases of polymery from his cultures and in the field at 
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Hilversum. I will add some observations which extend the 
range of variation in number of parts, and shall then suggest 
what appears to me a probable explanation of the phenome- 
non as it occurs in most of the races of Qenothera. All the 
cases in 1909, with the exception of two, occurred in hybrid 
O. Lamarckiana from various sources, and these two were 
O. brevistylis plants from a cross with O. Lamarckiana. 
Whether this is of significance as indicating greater variabil- 
ity in plants derived from a cross, I cannot say, but it seems 
not improbable that this is the case. Using signs for the 
flower parts I shall now give the formule for the flowers 
recorded in 1909, in which K=sepal, C=petal, S=stamen, 
=stigma lobe. 


Demonte ateocan's K7C2SisNis Caries Sie eeess KsCsSieN 
Di che celusatansandtang’a telguatwia KeCcSuNn PaSoeturs soon eheae sas KeCeSizNo | 
Sop wdiew be yeraeuleds He K7C7Si6Nis Bauwiees eee ae aa aie K7CSusNo 
Beil ee wigs ee eeteuen K54C7SuNie Qiciuiiwiey dees ea SOS K7C;Si6N47+5 
Bivoueetsssuy veer sh KsCsSeN WO sscsqiacs tapas oe eae KsCsSeN 

Veer deces seta qeuonasteaek tds: KsCsSeN 


This list of flowers, while shorter than that of DeVries, 
extends in both directions the range of variations observed 
by him. The highest number of stamens recorded by De- 
Vries in a flower is 14, while I observed one remarkable 
flower with 16 stamens and two styles which were separate 
at the top, in contact below, but terete and easily pulled 
apart. The hypanthium was also considerably flattened and 
much thicker than usual and even had a longitudinal groove 
down its center. This flower gave me the clue to the explana- 
tion of these cases of polymery. 

DeVries states (1909, p. 483) in regard to his cultures of 
0. Lamarckiana forms, that “trimerous flowers are certainly 
not present,” but he has observed them, though very rarely, 
in O. biennis and in hybrid cultures. In the season of 1909 
I observed three such cases, in O. Lamarckiana of various 
descent. The flowers were normal in every way except that 
the parts were in threes, which made the flowers smaller, 
though the individual organs were not reduced in size. 


1This flower had two independent stigmas, and styles which were 
merely in contact in the calyx tube. 
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Regarding the explanation of these cases, I soon found 
that every polymerous flower had two bracts at its base instead 
of being in the axil of a single bract. These bracts may be 
entirely independent or they may be more or less coalesced 
at the base, but they project in opposite directions. (See 
photograph by DeVries, 1909, p. 472.) In all these cases 
the ovary and hypanthium are more or less flattened. An 
examination of the stems which bore these polymerous flow- 
ers, disclosed the fact that they exhibited irregularity in the 
placing of the flowers on the stem, or in other words, varia- 
tions in phyllotaxy. The flowers and their bracts were not 
uniformly distributed on the stem, but certain flowers were 
very close together and others long distances apart. It seems 
clear that this is the explanation of the phenomenon, which 
is therefore one of synanthy rather than of polymery. The 
Anlagen of the flowers are of course laid down and their 
position determined when the terminal rosette of the stem 
is very small. Anlagen of successive flowers therefore arise 
very close together, and if anything leads to variation in 
their position they will sometimes occur partly in contact or 
overlapping, giving a flower in which the parts are more or 
less completely doubled in number. The flower having two 
independent styles, and the fact that two bracts are always 
found at the base of polymerous flowers, shows that it must 
be due to a partial coalescence of primordia, such as I have 
mentioned. It is interesting to note that flower No. 5, hav- 
ing its parts in threes, was immediately below No. 4, which is 
heptamerous, and on the same side of the stem. Similarly, 
the plant bearing flower No. 9 also bore at the same time 
(Aug. 20) the two trimerous flowers, Nos. 10 and 11. It 
may also be noticed that in all the polymerous flowers the 
number of stigma lobes is less than the number of stamens. 
The same is true of DeVries’ records. These polymerous 
flowers are much larger than the normal owing to the larger 
number of parts, the parts themselves retaining their usual 
size, except that the hypanthium and style are stouter, as 
might be expected, and the filaments are sometimes thicker. 

In the season of 1910 a number of additional observations 
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were made on this subject. The records of these were kept 
by my assistant, Mr. V. Follenius, during my absence, but 
I had the opportunity of examining the most interesting 
cases before the end of the season. Cases of polyphylly or 
synanthy were found in a much wider range of Oenothera 
forms than in the previous year. The following is the list: 


FORMULA Race REMARKS 
1..K7C7SuNu |O. multifiora Two bracts at base of flower. 
2..KeCeSuNs |O. multiflora Two bracts partly coalesced. 
3..KeCeSizNs |O. multiflora Two bracts at base. 
4,.KsCsSgNa ; Race No. 25, from |Two perfect: tetramerous flowers, 

KsCaSeNs near Liverpool, with their hypanthia in contact 
England throughout their length and 
partlyfused. Ovaries in contact 
and partly fused. Two bracts. 
5..KsCsSeNe_ |O. biennis X Lamarc-|One bract. 
kiana 
6..KsCsSeNa a a One bract. 
7..KsCaSeNs a “«(same|One braet. 
plant as No. 6) 
8..KeCeSuNs |O. grandiflora from |Hypanthium and ovary flattened. 
Alabama bract. 
9..KsCsS2N? {Race 54 x 40 One bract. 
10..KsCsSsNs |O. biennis, Chelsea |Only one bract at base of each 
Physic Garden flower in this race. In one 
11..KsCsSsNs Se “f case the bract had two tips, as 
12..KsCsSsNo re 7 though resulting from the in- 
13..KsCsSsN7z fe complete coalescence of two 
14..KsCsSsNs a ae bracts. 
15..KsCsSeNs a te 
16..KsCsSaNs sf ee 
17..KsCsSsNs a . 
18..KsCsSeNs as 
19,,Ks'CaSoNa es “ 1Two sepals of normal width, 
8 narrower, Occupying about the 
width of the other two. 


The case of No. 4, in which two tetramerous flowers were 
found, each with its bract, and only partly fused by their 
ovaries and hypanthia, is particularly instructive and con- 
firmatory of my explanation. One hexamerous (No. 8) and 
one pentamerous (No. 9) flower, however, had each but one 
bract at its base, as well as the three trimerous flowers in the 
race O. biennis x O, Lamarckiana. It is therefore prob- 
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able that the latter are real cases of polyphylly and not of 
synanthy, in which, instead of the partial coalescence of two 
primordia or their failure to separate, there is a variation 
in the division of the Anlagen of the various cycles of organs 
in the flower, resulting in a flower having a larger or smaller 
number of parts than normal. When, as in flowers 10-18, 
the androecium is normal while the calyx and corolla show 
an increase of parts, this may be considered to be due to 
polyphylly rather than synanthy. 

The ten pentamerous flowers in O. biennis from the 
Chelsea Physic Garden were found in a culture of 
33 plants, and careful search would doubtless have 
revealed further cases. Evidently the phenomenon is rela- 
tively common in this race The characters of the race 
ate very constant and are remarkably different from those of 
any other race of O. biennis I have seen. They will be de- 
scribed elsewhere. These pentamerous flowers had invaria- 
bly but one bract at their base, which would indicate that 
the phenomenon of pentamery is here due to polyphylly 
rather than to synanthy, although the fact that one of these 
basal bracts had a double tip might be considered to favor 
the interpretation of this also as due to synanthy. 

It would seem therefore that while most of these are cases 
of synanthy, or coalescence of two primordia, the trimerous 
flowers and also evidently some at least of the other cases 
with only one bract at base, are real instances of polyphylly, 
due to variations in the divisions which the primordia of a 
flower normally undergo. 

My conception of the process of synanthy is that, owing 
to variations in phyllotaxy, two independent flower primordia 
become so closely approximated that they partly coalesce, 
and develop harmoniously into a single flower in a some- 
what similar fashion’ to the growth of a plant chimera (sec- 
torial chimera) as des¢ribed by Baur and by Winkler. 


-Tricoryty.—A number of cases of tricotyly and other 
abnormalities of the cotyledons have been observed in my 


1 Penzig (1890) states that in O. biennis pentamerous flowers are 
common, the number of ‘‘carpels’’ often running up to 9. 
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germinating pots each year. They are particularly common 
in O. gigas, but no record of them has been kept. 


VARIEGATION OF Leaves.—Yellowish areas not infre- 
quently appear on the rosette leaves, particularly in the Eng- 
lish Oenotheras. One striking case of what was evidently 
a sectorial chimera according to Baur’s (1909) terminology, 
occurred in a culture of 55 plants very closely resembling 
O. Lamarekiana, but having larger rosettes with rather 
broader leaves. They constituted the second pure generation 
from seeds of a plant near Liverpool, England. The green 
areas on the leaves in this plant are contrasted with areas 
which are yellowish white, showing a complete absence of 
chloroplasts. It will be seen that in several leaves the line be- 
tween white and green tissue passes down the midrib, while 
one or two leaves exhibit patches of white adjoining the mid- 
rib. Plate 31, from a photograph taken June 30, 1909, shows 
the partly developed rosette. The leaves arising from one side 
of the stem are wholly white, those on the opposite side are 
mostly pure green, while several others are green on one- 
half and white on the other. A few areas of pale green, 
owing to partial absence of chlorophyll, were also observed. 
The white areas were of course unable to nourish themselves, 
and continually died away. The plant never formed a shoot, 
but died before the end of summer, notwithstanding the most 
careful treatment. The plants of the previous generation 
gave no indication of such a condition, which therefore ap- 
peared suddenly in this individual, and appeared, moreover, 
from a seed of a plant which was normal green throughout. 
Presumably one side of the young growing point was without 
chloroplasts, but just how this condition came about is at 
present a matter of conjecture. 
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EXPLANLTION OF PLATES. 


Plate 29.—P!_at belonging to a race known as Oenothera multiflora, 
originally derived from the English coast near Liverpool. All but the 
earliest flowers are virescent or frondescent. 

Plate 30.—1, Virescent buds photographed natural size, showing the 
peculiar baggy appearance of the calyx. 2, Virescent buds natural 
size, opened to show the small petals, tapering pubescent style and 
(buds on the left) leaves growing out from the interior. 

Plate 31.— Sectorial chimera, in which the leaves on one side of the 
rosette are lacking in chloroplasts. In certain cases half the leaf is 
white and half green. 
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RECENT PAPERS ON CGNOTHERA MUTATIONS. 
By R. Ruccies Gates, M.A., Pa.D. 


(Reprinted from Tue New Puytovosist, Vol. XII, No. 8, 
October, 1913.] 


INCE the publication of De Vries’s mutation theory the investi- 
gations with Cnxothera have become manifold, and have 
included almost every phase of the subject which bears in any way 
on genetic research, The CEnotheras have been and are still being 
closely examined from every point of view which may throw light 
upon their peculiar and complex behaviour. As a result of .these 
extensive investigations of the phenomena of heredity and variation, 
as well as of the cytology, distribution, systematics and various other 
features, the mutating GEnotheras are perhaps better known than 
any other group of plants of corresponding size. 

The accumulated data of the last decade have added much to 
the complexity of the facts, without, in many cases, an equivalent 
amount of explanatory simplification. Many of the hybridization 
results are now, however, becoming more clarified,—at least in the 
sense that they are seen to be consistent with each other,—while the 
cytological work has been most serviceable in furnishing an 
explanatory basis for the mutation phenomena themselves, removing 
some of these problems from the region of speculation to that of fact. 

The papers on Gnothera have become so numerous in recent 
years that a complete bibliography of the subject is already a some- 
what extensive undertaking, so I shall mention only certain of the 
more recent papers to indicate the later results and the present 
position of investigation in this subject. The contributions for the 
most part group themselves as dealing with (i.) the heredity and 
variation, (ii.) the cytology and (iii.) the systematics of the group. 
We may therefore conveniently consider them in that order in part, 
though the close relationship between the cytological and breeding 
results in this genus makes it quite impossible to deal with these 
two phases independently of each other. Indeed, the Génotheras 
furnish the best example we have in plants, of the manner in which 
hybridization and microscopic study should go hand in hand in 
attempting an explanation of hereditary phenomena. 

The breeding experiments with Cinothera have been greatly 
extended in scope since the publication of Die Mutationstheorie by 
De Vries, and I shall only mention a few of the papers on this 
subject. Extensive crossing experiments have been carried on, not 
only with Gnothera Lamarckiana and its mutants, but with various 
races of O. biennis, O. grandiflora, O. muricata, O. Hookeri and other 
species. 

The earlier crosses made by De Vries among the mutating 
forms showed a variety of types of behaviour, the peculiarities of 
which have since been explained in part by the cytological results. 
When such mutants as rubrinervis, nanella and lata are crossed 
with Lamarckiana the P, contains both parent types in varying 
proportions, and in the first case both these types breed true. On 
the other hand, when Lamarckiana is crossed with its putative 
derivative brevistylis the latter behaves as a simple Mendelian 
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recessive; and the new characters in the mutant rubricalyx behave 
as a simple Mendelian dominant in relation to its parent rubrinervis, 
Again, gigas x Lamarckiana according to De Vries yields an 
intermediate race which remains constant, though in some cases 
the behaviour is more variable, depending apparently on chromosome 
mechanisms. These three types of hereditary behaviour are doubt- 
less indicative of different types of germinal change involved in the 
origin of certain mutants, a view which is fully corroborated by the 
cytological evidence. ; : 

As regards interspecific crosses in Zinothera, the most important 
paper which has yet appeared is that of De Vries (11) on double 
reciprocal hybrids between certain races of the Linnzan species O. 
biennis and O. muricata. In general, it was found that both 
reciprocal crosses yielded uniform but strongly patroclinous hybrid 
races which remained true in later generations. These reciprocal 
crosses, which were therefore unlike, were in 1908 reciprocally 
crossed with each other, i.e. (biennis x muricata) x (muricata x 
biennis and (muricata x biennis) x (biennis x muricata). In both 
cases the offspring were a uniform race corresponding with the 
“outside grand-parents.” Thus (B x M) x (M x B) gave B or 
biennis, while (M x B) x (B x M) gave muricata which remained 
constant. The double reciprocal crosses therefore gave complete 
reversion to one of the grandparents, while the characters of the 
grandfather could not be transmitted through the mother and those 
of the grandmother could not be transmitted through the father. 
Similar results were obtained in crosses between races of O. biennis 
from Holland and Illinois, also with biennis and cruciata, biennis and 
strigosa, biennis and Hookeri, and biennis and Lamarckiana, Inthe 
biennis-muricata series of hybrids, what are called sesquireciprocal 
crosses were made, thus (muricata x biennis) x muricata [= 
(M) B x M] and (biennis x muricata) x biennis [=(B) M x B]. 
The former of these crosses is again identical with muvicata, and 
the latter with biennis. Iterative hybrids were also produced in the 
following manner: (M) B x Band B x (B)M,etc. The iterative 
hybrids were like their hybrid parent. Thus (M) B x B=(M) B 
and B x (B) M=(B) M. 

An ingenious explanation of these curious results has since 
been offered by Goldschmidt (23) whose interpretation is based on 
cytological study of these hybrids. Goldschmidt believes that a 
condition of merogony exists, the male nucleus developing in the 
cytoplasm of the egg, the nucleus of the latter degenerating. The 
cross biennis x muricata would therefore contain in its cells a 
muricata nucleus and biennis cytoplasm, while the cells of muricata 
x biennis would be derived from a biennis nucleus embedded in 
muricata cytoplasm. It is of course well known that the so-called 
“male cell” in Angiosperms is really a male nucleus which has lost 
its cytoplasm. 

If the explanation of Goldschmidt proves to be correct, then 
these hybrids will furnish conclusive proof of the predominating 
influence of the nucleus in inheritance, for in each case the hybrid 
strongly resembles the parent from which its nucleus was derived. 

Although the evidence for Goldschmidt’s view is by no means 
complete and final, yet it establishes a certain presumption in its 
favour, Among the points figured are (i.) the degeneration of one of the 
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nuclei (presumably the female) in the fertilized egg; (ii.) the apparent 
presence of only 7, the + number of chromosomes, in the cell- 
divisions of the embryo; (iii.) the smaller size of the embryo and 
its cells and nuclei in biennis x muricata than in biennis, which 
would be anticipated according to Boveri’s law. Nevertheless, there 
are various difficulties, and the results of a fuller study of the 
subject will be awaited with interest. A number of other questions 
remain to be solved. If the hybrid embryo begins its divisions with 
only 7 chromosomes it is not probable that this number persists 
throughout the sporophyte, and Goldschmidt believes he has found 
evidence that the 2x number is restored in the later mitoses of 
older embryos. This introduces difficulties, however, for it is 
scarcely probable that all the cells would double their chromosome- 
number simultaneously, and if both types of cells continued we 
should anticipate as a result various distortions or changes in the 
shape of organs, for we should have different chromosome-numbers 
in different parts of the individual. The manner of chromosome 
pairing in meiosis would also be of interest, though we might 
anticipate the formation of seven pairs by analogy with the 
chromosome behaviour in the tetraploid mutant gigas. If more 
critical study sustains Goldschmidt’s foreshadowing, we shall be able 
to add one more to the number of cases in Ginothera where cytological 
research has furnished the key to certain otherwise obscure or 
inexplicable hereditary phenomena. 

It is worthy of mention that these reversions to one of the 
grandparents in double reciprocal crosses were predicted by Giglio- 
Tos (22) on generalized highly theoretical grounds concerning the 
structure and arrangement of protoplasmic elements, but it is highly 
improbable that this type of hereditary behaviour will be found to be 
common even in the genus CEnothera itself. 

If Goldschmidt has correctly ascribed these results tomerogony,' 
then a similar explanation may be applied (as that author has 
already done) to the various cases of “false hybrids,” such as the 
well known results of Millardet with strawberries. In this case the 
hybrids were found to be all purely paternal in character and to 
breed true. The converse condition known in various Orchids, in 
which the hybrids are purely maternal in type, may conceivably 
result from the degeneration of the male nucleus after entering the 
egg or, as has often been suggested, from stimulation of the egg to 
parthenogenetic development by the presence of the pollen-tubes. 

Another series of interspecific crosses has been made by Davis 
(7, 8,9). He chose races of O. biennis from Massachusetts and of 
O. grandiflora from Alabama for the parents of his crosses, in the 
hope of producing O. Lamarckiana. But it must be said that from 
this point of view the results have not been successful. Hybrid 
forms were obtained, some of which showed a certain amount of 
crinkling of the leaves, but that is only one of many features of O. 

' Since the above was written, Renner (‘* Uber die angebliche Merogonie 
der GEnotherabastarde,’’ Ber. d. deutsch. bot. Ges,, Bd. 31, pp. 334-335, 1913) 
has re-investigated the subject in O. muricata x O. biennis, O. biennis x O. 
Lamarckiana and O. Lamarckiana x O. biennis. He finds the usual double ferti- 
lization in all cases, with 2¥ chromosomes in embryo and endosperm. Re- 
examination of Goldschmidt’s preparations leads to the same result, so it must 
be concluded that there is no evidence for the theory of merogony in these 
hybrids as expressed by Goldschmidt. 
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Lamarckiana and one which is furthermore present in varying 
degrees in various nothera races. The flowers of the Lamarckiana 
of De Vries are distinctly larger than those of the grandiflora forms 
from Alabama. The P, hybrids of Davis were, however, (as would be 
anticipated) intermediate in flower-size between grandiflora and the 
small flowers of bienuis, the intermediacy also extending to all the 
other characters, though forms with larger flowers have been obtained 
in later generations. The reciprocal crosses were made, biennis x 
grandiflora yielding eight plants, seven of which resembled grandi- 
flora and were therefore patroclinous while one exhibited a certain 
amount of crinkling of the foliage. O. grandiflora x biennis, from 
the same parent individuals, produced twenty plants which were in 
two groups (twin hybrids), nine being grandifora-like in foliage and 
habit while eleven resembled biennis. 

Larger cultures of these PF, and F, hybrids from fresh crosses 
were made in 1910 and 1911. The chief defect of these papers as 
descriptions of the hybrids is that the search for Lamarckiana-like 
plants among the offspring was allowed to overshadow the really 
more important general results of the crosses, since it was not to be 
expected in any case that Lamarckiana could have resulted from a 
single simple cross. In his last paper on these hybrids Davis virtually 
admits the correctness of this position. 

In 1907 De Vries first described twin hybrids (lta and velutina) 
in the FP, when Lamarckiana is used to pollinate biennis, Hookeri 
and other species. Notes on the anatomical features of these 
hybrids have been published by Andrews (1). The hybrid types 
both breed fairly true when self-pollinated. This hybrid behaviour 
has been confirmed by Gates (21) in the case of biennis x 
Lamarckiana, with full illustrations of the broad-leaved and narrow- 
leaved forms. Corresponding results were also obtained with biennis 
x levifolia. It therefore appears that in Lamarckiana and its 
mutant derivatives, including /evifolia, the pollen grains are of two 
types, leading to a constant dimorphism in the F, of the hybrids 
when these forms are used as male parent. In the reciprocal 
crosses, however, De Vries obtained a single constant race, 
indicating an absence of this type of dimorphism in the egg-cells of 
Lamarckiana, though these results have not been fully corroborated 
by the later investigations. 

This short review of the more recent hybridization results is 
necessarily very incomplete, but even a general summary of the 
data involved would be much too lengthy for the present purpose. 
The results show clearly, however, that several types of hereditary 
behaviour exist, and that these types depend upon the manner of 
origin and hence the relationship to each other of the various races 
and species concerned. Certain crosses give blended inheritance, 
others give alternation or segregation, others twin types unlike 
either parent, etc. A knowledge of the cytological conditions is 
necessary for an explanation of the hereditary behaviour of such 
mutants as gigas and lata, and also apparently of the results of 
certain double reciprocal crosses. In conjunction, these two classes 
of data furnish a consistent and rational view of very complex and 
sometimes apparently conflicting phenomena. 

In connection with the twin hybrids produced by Lamarckiana, 
Honing (25) has made an interesting comparison of Lamarckiana 
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and rubrinervis, treating them both anatomically and chemically. 
He points out that the differences between Lamarckiana and 
rubrinervis, are analogous to those between the twin types Jeta and 
velutina produced in such a cross as biennis x Lamarckiana; and 
he believes that Lamarckiana and rubrinervis are each under 
certain circumstances capable of giving rise to the other. This 
view is borne out by certain results of the reviewer. It is also 
of interest that several collections of wild seeds of O. muricata from 
widely sundered parts of Canada show a corresponding dimorphism 
(21), indicating that such a condition may be widespread in this 
section of the genus. 

Three cytological papers have been published by Davis (4, 5, 6) 
which are in large part a confirmation of the earlier results of Gates 
(13a, etc.) It was found, however, that in O. grandiflora the pairing of 
the chromosomes in synapsis was closer than in either bzennis or 
Lamarckiana, closed rings being formed by the chromosome pairs 
in diakinesis, while in the latter two species and their derivatives 
the homologous chromosomes are very loosely paired or not paired 
at all at that time. Hence it appears that the attraction which 
causes pairing is greater in O. grandiflora than in the other species. 
As I have pointed out, the loosely paired condition gives greater 
opportunity for irregularities, such as actually occur, in the 
distribution of chromosome pairs during meiosis. It is now certain 
that this process is concerned in the appearance of some of the 
mutations (/ata and semilata). 

_ Ina detailed account of somatic mitoses in Cénothera, Gates 
(17) found the number of chromosomes in an individual to be 
constant, the rare exceptions in metaphase groups being explicable 
in entire accord with the belief in the genetic continuity of chromo- 
somes from cell to cell. Certain peculiar cases were found in the 
cells of the nucellus in O. lata, in which the chromosomes were 
closely paired in metaphase as though about to undergo a reduction- 
division, though the chromosomes retained their somatic shape. 

Several recent papers have dealt with the question of the 
origin O. gigas. There have been two chief views on this subject. 
Gates, in 1909, in showing the increased size of the cells and nuclei 
in gigas as compared with Lamarckiana, indicated the probability 
that the chromosome-doubling to give twenty-eight occurred in the 
fertilized egg or the young embryo, through a suspended mitosis. 
It was further pointed out that in various wild species the 4x 
number of chromosomes had probably originated in the same way. 
Strasburger (30) entirely concurred in these views and extended 
them to cover many new cases of 4% or tetraploid species. Ina 
subsequent paper, Gates (20) has brought together a list of over 
thirty cases of tetraploidy, natural or experimental, in plants and 
animals, Tetraploidy is therefore a well recognized evolutionary 
condition, and many new cases will doubtless be found when the 
chromosome numbers of more plants are known. The gigantic 
character of the cells in O. gigas accounts for most, though 
probably not all, the peculiarities of this mutant. 

The manner of origin of the tetraploid condition becomes, 
therefore, a matter of much interest. In addition to the view 
expressed by Gates and afterwards by Strasburger, Stomps (28) and 
Miss Lutz (27) have suggested another method, namely that tetra- 
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ploidy in O. gigas originates from the chance union of two unreduced 
or diploid germ cells. In support of this view these investigators 
announced independently the discovery of triploid or 3% mutants 
having twenty-one chromosomes. Stomps found one such mutant 
from Lamarckiana, which he calls semigigas ; and eleven Hero or 3x 
mutants from Lamarckiana and its mutants rubrinervis and lata 
pollinated by cruciata, muricata, biennis or Millersi. The frequency 
of triploid forms in these crosses (they were easily recognizable by 
their larger size and deep green colour) was about three per 
thousand. But it seems probable that these triploid mutants have all 
originated from the fertilization of a 2x (diploid) egg by a normal 
or haploid pollen-grain, especially as in the reciprocal crosses 
triploid forms do not appear to have been found. These crosses do 
not therefore, as Stomps has supposed, furnish evidence of the 
occurrence of diploid pollen-grains. The same is true of the eight 
triploid mutants obtained by Miss Lutz. They may all have come 
from 2x eggs fertilized by pollen-grains having + chromosomes. 

There is, furthermore, no observational evidence of the existence 
of diploid pollen-grains, though the megaspores which have been 
much less studied have furnished a case (Geerts) of a megaspore 
mother-cell of Lamarckiana having twenty-eight chromosomes. | 
pointed out (16) the probability that such a cell would develop an 
embryo after omitting both reduction and fertilization, and that 
gigas mutants may therefore originate in this manner. It has also 
been pointed out (20) that the occasional rare pollen-grains of 
Lamarckiana which, like gigas, have four lobes instead of three, may 
be diploid in chromosome-content. But there is at present no 
evidence that such pollen-grains are functional. The exact manner 
of origin of gigas hence remains uncertain, though it is possible that 
both methods of origin may occur. The discovery of triploid 
mutants, however, indicates the sporadic occurrence of diploid eggs 
in Lamarckiana and its derivatives, though there are of course other 
conceivable ways in which triploidy might have originated, such as 
the formation of the embryo from a triple fusion endosperm nucleus. 
This method is improbable, however, for the Ginothera embryo-sac 
only contains four nuclei (two synergids, the egg and a polar 
nucleus) and there is very little endosperm-formation. 

It is highly probable that the exceptional degree of variation in 
gigas is concerned, at least in part, with changes in the chromosome- 
number of different individuals. A number of these types have 
been figured (21, 24). 

Series of mutations which are parallel to those of Lamarckiana 
have been obtained by Stomps (29) and by Gates (18) in different 
races of O. biennis. Stomps obtained two mutants from the F, of 
biennis x biennis cruciata, The cruciate variety differs from the 
normal (from which it has probably originated by a mutation) 
only in the cruciate character of the flowers, This character 
behaves as a Mendelian recessive, splitting out in F,. In the P, 
appeared one O. mut. biennis nanella (dwarf), and one O. biennis 
semigigas which was larger and possessed twenty-one chromosomes, 
having also long styles unlike biennis races. 

In a race of O. biennis from the Madrid Botanical Garden, 
which had evidently undergone crossing (18), many of the plants 
belonged to types corresponding to Lamarckiana, rubrinervis and 
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levifolia, while one resembled gigas somewhat in foliage, and one 
was biennis lata, having lata foliage and no pollen, but with small 
biennis flowers. 

Gates (21) has also obtained a dwarf mutant as well as other 
variations from wild O. grandiflora from Alabama. He has also (20) 
cultivated a race of O. gigas identical with that of De Vries, which 
originated (evidently as a mutation) in the Botanical Garden of 
Palermo, Italy. This also has twenty-eight chromosomes in typical 
individuals. Another extensive series of parallel mutations, some 
of which agree with the De Vriesian forms while others differ widely, 
has been studied by Heribert-Nilsson (24) in a Swedish race of O. 
Lamarckiana which differs somewhat from the race of De Vries. 
The giant race in particular is markedly different from the 
Amsterdam form, though it gives in its progeny one type closely 
resembling the latter. Of the nine mutant types obtained, only one 
(lata) agreed entirely with the mutants of De Vries. 

It is evident, therefore, that the mutation behaviour is by no 
means confined to O. Lamarckiana, but is found in other species as 
well, races even of O. grandiflora showing a certain amount of it 
when taken immediately from their native wild conditions. Davis 
(7) has shown that wild O. grandiflora contains a number of bio- 
types. This is, of course, not surprising, for it is clear that many 
wild species consist of numerous freely intercrossing biotypes. And 
it has come to be recognized that numerous open-pollinated species 
are hybrid in the sense that various biotypes have contributed to 
their ancestry. 

The activity in the cytological and experimental study of the 
CEnotheras has led naturally to a much more critical systematic 
study of the group, with the result that scores of distinct forms are 
now being recognized which were formerly classed with such species 
as O. biennis L. or O. miuricata L. Many of these at least are not 
merely elementary species in the narrow sense, but forms which 
stand apart from the described species to a surprising degree. 

Among such new species recently described are O. ornata and 
O. MacBridee of Nelson from Wyoming. These both have larger 
flowers and longer styles than O. biennis, thus forming a transition 
to the large-flowered species. Bartlett has described O. Tracyi 
from Alabama. This is virtually a small-flowered O. grandiflora. 
Steele has described a new segregate from the O. biennis series 
from Illinois under the name O. canovivens. Quite recently a very 
distinct small-flowered form was described by Gates (19) from Ithaca, 
New York under the name O. angustissima, and Bartlett and 
Atkinson (3) have characterized two other new forms from the O. 
biennis series of the same locality, under the names O. nutans and 
O. pycnocarpa. In another paper (2) Bartlett concludes that the 
species now commonly naturalized on the dunes of Holland should 
represent the type of O. biennis, and he identifies a paler-flowered 
race which is now common in Holland and which was formerly 
known under several pre-Linnzean polynomials, as O. biennis var, 
sulphurea De Vries. 

The third part of Léveillé’s monograph (26) has appeared, but 
its treatment is not critical and it can be of little benefit in the 
present intensive study of the genus. 
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Professor De Vries (13) with Mr. Bartlett made a visit to the 
type-locality for O. grandiflora, in Alabama, last year—the locality 
where Bartram discovered this species in 1778. They found both 
O. grandiflora and O. Tracyi, and a number of races or variations of 
each. These forms freely intercrossed, at least in the case of 
grandiflora, so that no forms were free from the suspicion of 
hybridization. This confirms a fact which had already been 
emphasized by Gates (15), namely, that in open-pollinated plants 
the intercrossing of many closely-related races which make up the 
population is continually taking place in every generation. The fact 
that O. Lamarckiana has undergone crossing does not therefore 
render its condition essentially different from that of any other 
allogamous species. 

Much attention has been devoted to the history not only of O, 
Lamarckiana, but of all the related species in Europe. Many of the 
early records, from 1614 to the present time, have been brought 
together by Gates (14), and in this and subsequent papers many of 
the plants referred to or figured under pre-Linnzan polynomials 
have been identified with reasonable certainty. The writer’s 
first conclusion, that the original form brought to Europe most 
resembled O. Lamarckiana, has since been modified, but it seems 
certain that forms agreeing with O. Lamarckiana were growing wild 
in Europe at the time this species was recognized and described 
from garden material in Paris about 1797. 

In drawing any conclusions concerning the origin and history 
of QO. Lamarckiana, whether through crossing or otherwise, the 
following crucial facts must be kept in mind: (i.) That a large- 
flowered Gnothera from “ Virginia” was recognized by Ray as early 
as 1686. This must have belonged to a race either of O. grandiflora 
Solander or O. Lamarckiana Ser., and the possibility that it may 
have been the latter is certainly not excluded. (ii.) Three forms, 
including (a) O. biennis in the general sense, (b) O. muricata, and (c) 
a large-flowered form belonging to O. grandiflora or O. Lamarckiana, 
were clearly recognized and figured by Barrelier in 1714; (c.) was 
probably the same as the large-flowered form of Ray. (iii.) The 
early synonomy gives clear evidence that this large-flowered form 
was cultivated in many Botanical Gardens in pre-Linnzan times. 
(iv.) An Génothera which belongs to O. Lamarckiana in the rather 
narrow sense is now the commonest form in English gardens, where 
it seeds itself from year to year. (v.) A very similar form has been 
found by Heribert-Nilsson (24) in the gardens of Southern Sweden. 
(vi.) A form which is practically identical with that of De Vries has 
been flourishing in abundance in a naturalized condition on the 
Lancashire coast since at least 1805. 

These facts equally permit two explanations. (a) That 0. 
Lamarckiana as it now exists in England, naturalized and in 
gardens, is essentially the same plant described by Ray and by 
Barrelier and is descended directly from seeds brought from 
“Virginia.” We now know it to be probable that such seeds would 
not produce a uniform race to begin with. (b) The other possibility 
is that the race above-mentioned from Virginia belonged to O. 
grandiflora rather than to O. Lamarckiana, the latter originating 
through crossing afterwards. One weakness of this theory is the 
fact that O. biennis races also occupy this area of Virginia which was 
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first colonized, and that any such crosses would therefore have been 
repeatedly made there long before the interference of man. Another 
weakness of this view is that there is no particular reason for 
supposing that O. Lamarckiana characters can be duplicated by 
single crosses between biennis and grandiflora, any more than biennis 
could be produced by crosses between muricata and grandiflora. 

It has been suggested by Davis (10) that O. Lamarckiana 
Seringe is only a form of O. grandiflora Solander. The suggestion 
is based chiefly on a comparison of photographs of the type 
specimens in the Muséum d’ Histoire Naturelle in Paris. 

The new introduction of O. grandiflora from Alabama in 1778 
was, no doubt, at least slightly different from the “ Virginian 
grandiflora” of Ray and Barrelier, and it appears probable that 
Seringe meant to express this difference in recognizing Lamarckiana 
as well as grandiflora. In any case it is obvious that the question 
cannot be settled merely by determining the source of De Vries’s 
race of Lamarckiana in 1860, for the origin of the much older race 
of Lamarckiana in England must also be considered, and this may 
easily go back to the time of Ray. 

Since it is now clear that numerous races both of grandiflora 
and Lamarckiana exist, it seems possible that the original seeds of 
the large-flowered form brought from “ Virginia” contained a 
mixture of interbreeding races, some of which would now be classed 
with either species. Certain of the CEnotheras now grown in 
English gardens might very well represent such intermediate races. 
Considering the great number of local geographic races of O. biennis 
now being described, it is probably safe to assume that the grandt- 
flora of Virginia was different from that of Alabama. 

Finally, three of the recent papers have dealt with various 
general aspects of the mutation problem. These papers are by 
De Vries (12), Heribert-Nilsson (24) and Gates (21). De Vries 
reviews the progress which has been made in the study of mutations, 
particularly in Gexothera, and reaffirms his earlier views, such as the 
premutation theory. He points out that natural selection, mutation 
and orthogenesis are not mutually exclusive as evolutionary factors, 
but that all have probably played their part. Heribert-Nilsson 
contributes a mass of breeding data on a Swedish race of O. 
Lamarckiana, and attempts to explain the mutation phenomena in 
terms merely of Mendelian splitting. In doing so he disregards the 
cytological facts and frequently runs counter tothem. He elaborates 
a purely hypothetical theory involving the gradual accumulation of 
unit-factors or genes in particular germ-cells, but his theory falls to 
pieces in the light of the cytological facts. As the writer has 
pointed out, the Mendelian theory of mutation has been disproved 
and the premutation theory of De Vries rendered unnecessary by 
the study of the nuclei. The time has come for a new theory of 
mutation, based on our present cytological and experimental data, 
and the main achievement of the last three years has been to show 
that mutation is an independent process requiring a special 
explanation. 
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POSTSCRIPT. 


Since this very condensed review was written, an important 
work by De Vries! has appeared, dealing chiefly with Cinothera 
experiments and considering the whole mass of results in relation 
to the mutation theory. An impression of its comprehensive 
treatment of the subject of heredity and mutation in Cénothera may 
be obtained from the headings into which the work is divided. These 
are (i.) the origin of species through mutation, (ii.) reciprocal and 
double reciprocal hybrids, (iii.) twin hybrids, (iv.) the pangenetic 
investigation of new species, (v.) the causes of mutations. Many 
of the results here presented in extenso have been published in 
summary form during the last few years. 

The great value of the present book lies not only in the huge 
accumulation of experimental data which it contains—and this is 
far more extensive than has ever been brought together for any 
other similar group of forms—but in the remarkable manner in 
which the hereditary behaviour and the mutation behaviour are 
shown to be correlated. The analysis of various wild species, such 
as O. biennis L., O. muricata L., O. Hookeri Torr. and Gray, O. 
cruciata Nutt., O. strigosa Rydb., and several undescribed species, 
is carried out by means of extensive series of crosses. These are 
the reciprocal and double reciprocal hybrids. For the most part 
the reciprocal hybrids are unlike, being usually patroclinous. In 
this way it is shown that the pollen and egg-cells of various species 
are carrying different qualities, those of the pollen being usually 
nearly the same as the external characters of the plant, while 
those carried by the eggs are quite different and can only be brought 
to light by crossing with certain species whose pollen and egg-cells 
carry the same characters. 

1 De Vries, Hugo. ‘‘ Gruppenweise Artbildung, unter specieller Beriick- 


sichtigung der Gattung CEnothera.” Gebriider Borntraeger, Berlin, 1913; pp, 
365, with 22 coloured plates and 121 text-figures, 
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Species which bear the same qualities in both the male and 
female sex-cells, and whose reciprocal hybrids are therefore alike, 
are designated isogamous ; while species whose functional male and 
female cells are unlike in their latent capacities are called hetero- 
gamous, Thus O. Hookeri, O. Cockerelli and O. strigosa are found 
to be isogamous as is also O. Lamarckiana; while O. biennis, O. 
biennis Chicago, O. cruciata and O. muricata are heterogamous. 

In all these cases there is nothing resembling the Mendelian 
recombination of many independent characters, but the various 
hybrids remain constant and uniform in later generations, except 
in an occasional character such as flower-size. The hybrid 
types agree in their main essentials for various crosses, and are 
therefore given names:—rubiennis, conica, gracilis, rigida, etc. 
Thus O. muricata x O. Hookeri, O. muricata x O. Cockerelli, O. 
Hookerit x O. Cockerelli and O. Cockerelli x O. Hookeri, etc., all 
give the rigida type, differing from each other only in minor 
features. By such parallel series of crosses the character of the 
“ Pollenbild” and ‘“ Bizellenbild” of each species is determined, 
and De Vries calls the process gamolysis. 

Among other cases in which a similar behaviour occurs may be 
mentioned O. Hookeri x O. biennis, which gives an FP, of the 
rubiennis type, the latter splitting in later generations into rubiennis 
and “ Hookeri.” O. biennis Chicago x O. Hookeri and O. cruciata 
x O. Hookeri give the same result. This is explained by the 
isogamous condition of O. Hookeri and the heterogamy of the other 
three species. In O.Hookeri x O. biennis, e.g., the rubiennis hybrid 
bears in its egg cells only the characters of Hookeri while the 
pollen bears the segregated characters of both parents. Hence the 
type of splitting observed. 

Purther, not only these crosses but also the twin hybrids (leta 
and velutina) and the equally extensive series of mutation crosses 
(with the mutants), involving yet a third type of hereditary behaviour, 
are all finally explained and harmonized in connection with the 
theory of mutation. 

De Vries explains not only all this hereditary behaviour but 
also the mutation phenomena in terms of his hypothesis of intra- 
cellular pangenesis. Each pangen represents a special character, 
and a pangen may be in (i.) the active, (ii.) the inactive, or (iii.) the 
labile condition, pangens in the labile condition giving rise to 
mutations. A mutation also consists in the passage of a pangen 
from one condition to another, or sometimes in the addition of a 
new pangen. Thus in O. mut. nanella the pangen for stature has 
passed from the active to the inactive condition, in O. mut. rubrinervis 
this pangen is active, while in O. Lamarckiana it is in a labile 
condition. Hence Lamarckiana x nanella gives some dwarfs in F, 
while rubrinervis x nanella yields only talls in P, but a varying 
proportion of dwarfs in P,. 

I have only touched upon a few of the items in this remarkable 
book, which boldly attempts to explain all the intricate breeding 
behaviour in Ginothera. Though one cannot agree with all its 
statements, yet the lucid explanations given make the work of great 
value to all students of heredity and evolution. 

One other point to which reference may be made is found in 
the recent work of Gates and Miss Nesta Thomas, They have not 
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only corroborated the independent results of Miss Lutz and Gates 
regarding the constancy of the fifteen chromosomes in O. mut. /ata, 
but have found the same number constantly in semilata and also in 
two cases in which data foliage, occurring as a mutation, is combined 
with other characters inherited from the parents.! 

Thus O. biewnis mut. lata appeared in a race of normal O. 
biennis , having lata foliage and biennis flowers (15 chromosomes). 
Again. O. mut. lata rubricalyx occurred in the F, of O. rubricalyx 
x O. grandiflora. The great bulk of these plants were blends and 
combinations of the characters of the parents, but lata rubricalyx 
had Jata foliage and habit together with the red pigmentation of 
rubricalyx. The possession of fifteen chromosomes by this plant 
also shows that whenever a meiotic irregularity leads to the 
formation of an individual having an extra chromosome, such a 
plant will have the leaves and habit of lata or semilata? It further 
shows the sharp contrast which must be drawn between sporadic 
mutations and the regular processes of inheritance either in pure 
races or in hybrids. 

We may conclude that the work of De Vries and other students 
of Gnothera has resulted in showing that really new characters 
may and do arise by a germinal change, and are not merely 
recombinations of the characters of hybrids. The importance of 
this conclusion is very great at a time when we have been asked to 
suppose that all evolution has been accomplished by the shuffling 
and successive loss of fixed Mendelian unit-characters. 

» Evidence which shows that Mutation and Mendelian splitting are 
different processes. Section K, British Association, Birmingham. 


2 It is possible that one of two other mutants also have an extra 
chromosome. 
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OBSERVATIONS 


(Enotheras are known to have been naturalized on the Lan- 
cashire coast since 1805, and probably existed there much 
earlier. They are now found on the sand dunes in many places, 
from Liverpool and the vicinity of Birkenhead northwards 
along the coast to Southport and Blackpool. They are not- 
ably abundant at St. Anne’s-on-Sea, where they have been 
described by Bailey (’07), and in certain localities near Birken- 
head (MacDougal ’07). I have grown, chiefly at the Mis- 
souri Botanical Garden, extensive cultures of plants from the 
latter region, from seeds obtained through Dr. D. T. MacDougal 
in 1907, and have visited the Lancashire coast in 1910 and 
again in July, 1914, when I travelled along the coast from Liver- 
pool to Southport and from Blackpool to St. Anne’s. The 
cenotheras everywhere appear to be spreading, although chil- 
dren gather the flowering shoots in armfuls. The profusion of 
individuals is greatest at St. Anne’s, where acres of waste land 
in the town are dotted over with them. Smaller colonies occur 
in various other places, notably at Bidston Junction, near 
Hightown and at Formby. Small groups of half a dozen plants 
are sometimes found in isolated places on the dunes. 

I will first refer to some of these colonies as I saw them during 
my last visit, and will then describe a few of the many forms 
observed in cultures. 

The Bidston Junction colony, referred to in MacDougal (’07), 
is a compact and almost uniform one occurring on a triangular 
piece of ground between railway tracks, about five minutes’ 
walk down the foot path from Bidston Junction towards Wal- 
lersy, on the right-hand side. Some years ago, quantities of 
sand were dumped here from the coast between Wallersy and 
New Brighton. Soil from neighboring gardens has also been 
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deposited here, and the advent of the cenotheras is doubtless 
from one or other of these two sources. 

The plants closely resemble the ‘(Isle of Wight” race of @. 
Lamarckiana (to be described in a book now in process of pub- 
lication) and the species as it generally appears in English 
gardens. The rosettes in this colony differ in having green 
midribs (both dorsally and ventrally), or pink midribs (both 
dorsally and ventrally), but the depth of red varies. The same 
applies to the stem-leaves. This is curiously different from 
other races, such as @. mut. rubrinervis, in which the midribs 
are red dorsally and green ventrally. The rosette leaves are 
usually nearly or quite smooth, but some may be crinkled. 
The plants were short, their average height being about twenty- 
two inches, though some reached a height of over three feet. 
The stems bear many red papille. The smaller plants were 
unbranched, the lower stem-leaves being closely crinkled and 
curled while the upper leaves and bracts are often quite smooth. 
A peculiarity of the race was the irregular disposition on the 
stem of much-crinkled and nearly smooth leaves, without 
gradual transitions between them such as usually occur in de 
Vries’s race of @. Lamarckiana. Not infrequently crinkled 
and smooth leaves alternate. The buds have fewer long hairs 
than in the above mentioned race, and the sepals have uniformly 
the red color pattern 5-7 of @. mut. rubrinervis, though they 
vary somewhat in depth of shade. The dimensions of the 
flowers were as follows: bud cone 50 mm., hypanthium 43 mm., 
ovary 11 mm., diameter of cone at base 11 mm., length of petals 
50 mm., width 60 mm. One plant was identical with the race 
of de Vries, except in its larger flowers, reddish sepals and fewer 
long hairs. In most plants there is also a strong distinction 
between the smooth and crinkled leaves. 

This colony differs, therefore, in minor peculiarities from 
any race of @. Lamarckiana previously observed, and it ex- 
hibits a relatively narrow range of variation. 

Along the electric railway tracks north of Liverpool, between 
Crosby and Hightown, an equally extensive and uniform colony 
of G@. biennis was found. Thousands of plants, in flower and 
rosettes, were growing on uncultivated land with a nearly pure 
sandy soil, behind the coast range of sand hills in a long narrow 
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area near a clump of small poplar trees. Near the upper end 
of this area the plants differed in having smaller flowers (petals 
21 mm.) and narrow leaves (20 mm. broad). The remainder of 
the plants had somewhat larger flowers (petals usually 25-27 
mm. long), and broader leaves (extreme width 50 mm.).1 This 
was almost the only variation observed, and the race comes very 
close to the type of @. biennis L. The dimensions of the buds 
were as follows: bud cone 20 mm., hypanthium 25 mm., ovary 
11 mm., anthers surrounding the stigma. The rosette-leaves and 
stem-leaves all have red midribs both dorsally and ventrally. On 
the same stem some leaves are smooth and some more or less 
crinkled. The buds are green, devoid of red, with some long 
hairs, and there are no red papille on any part of the plant. 
Some of the larger plants are well-branched and with very stout 
stems, a huge pith and a very narrow ring of wood. 

This colony is even more uniform than the previous one, 
and must have originated from one or a very few plants. 

Small colonies of GZ. biennis were seen at Formby, near the 
station and in other places. A race of @. Lamarckiana also 
grows here on the dunes, although I did not succeed in finding 
the spot, but local gardens cultivate it. The species is depicted, 
however, in a rose window erected in St. Luke’s Church, Formby, 
in 1898, containing representative plants of the local flora. 
The central portion of the window is divided hexagonally and in 
the six sections the evening primrose alternates with the sea 
holly. The foliage and large flowers of the former are distinctly 
shown. Around the margin of the window are Pyrola rotundi- 
folia and irises. 

At Blundell Sands, near Crosby, a small colony of @. Lamarck- 
tana was seen on waste ground, and again on the extensive 
sand dunes between Birkdale and Ainsdale, near Southport. 
In the latter case there were only three plants, and these pos- 
sessed red sepals, color pattern 7, green midribs, crinkled leaves, 


and about 7 long hairs. 


By far the greatest abundance of plants was found at St. 


1These apparently correspond to Lysimachia virginiana altera, foltis latioribus, 
floribus luteis majoribus, Cat. Altdorff. See Gates, R. R. The mutation factor 
in evolution [pp. 61, 65, 70]. Macmillan. London. 
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Anne’s. In addition to those in the town, which are in great 
profusion, numerous smaller colonies are scattered along the 
adjacent sand dunes. The great majority of the plants is the 
same as at Bidston Junction except in the crinkling of the leaves, 
having foliage closely resembling that of de Vries’s @. Lamarck- 
dana, midribs red both above and below, the red absent in 
some individuals. The flower measurements were, length of 
petals 50 mm., hypanthium 45 mm., ovary 10 mm. Several 
aberrant individuals were also observed. One dwarf mutant 
was found growing in the shade of a large plant. It resembled 
@. mut. nanella but had red midribs. One large rosette, having 
leaves very obtuse and pale pink midribs, probably belonged to 
@. mut. brevistylis. A number of plants represented a shorter 
spindling type with very narrow rosette-leaves (18 mm. wide 
x 14 cm. long). Another plant belonged to a new type, large 
and branching with thicker, narrower leaves (833 mm. x 13 cm.), 
stiffer and narrowly pointed, midribs white, and later in beginning 
to flower (buds only half developed, July 16). 

In addition to these probable mutants, there were found in 
one field a few plants of a small-flowered @. biennis race grow- 
ing with the @. Lamarckiana. They differed from the latter 
only in the small flowers (petals 22 mm., style short), and hence 
were unlike the @. biennis race previously described. Near by 
were also found plants, evidently hybrids of these two races, 
with petals about 30 mm. in length. 


CULTURES 

Some of my cultures of cenotheras from near Birkenhead have 
already been described in a general way (Gates, 713). Here I 
wish to describe a few of these forms in detail, and also to refer 
to my experiments with plants from St. Anne’s. I have not 
seen the colony from which the Birkenhead seeds were obtained, 
but it evidently contains a great profusion of forms belonging 
to both @. Lamarckiana and G. grandiflora, while all the 
colonies I have observed have a much more uniform population. 


G@. MULTIFLORA 


One of the distinct races in these cultures I have already 
(Gates, °10) referred to as @. multiflora. It is descended 
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entirely from one individual from a sowing of Birkenhead seeds 
at Woods Hole in 1908. From this individual an F, of 376 
plants was grown in the two following years. About 4 per cent 
of these plants showed virescence, as described in the above 
paper. In 1910 a total of 297 plants were grown, most of which 
belonged to the F;. An F; numbering 193 plants in nine fam- 
ilies was grown in 1911, and an F;, of 356 plants in eight fam- 
ilies in 1912. The plants were by no means uniform, and they 
varied considerably from year to year. The description given 
is therefore a generalized one, and the condition of variability 
is no doubt similar to that of many wild “‘species.”” By isol- 
ating the offspring of a larger number of individuals, no doubt 
this variation could have been further analyzed, but more 
pressing problems have prevented this being done. 

Plate 20 fig. 1 shows a typical rosette of my 1909 culture, 
pl. 20 fig. 3 the full-grown plant, and pl. 20 fig. 6 a flowering 
shoot on a larger scale. Specimens of this species are preserved 
in the herbarium of the Missouri Botanical Garden from my 
cultures of 1909, and in the British Museum (Natural History) 
from the 1912 families. 

Description: Rosette of few leaves, broad and obtuse-pointed, 
somewhat crinkled. Full-grown plant pyramidal in outline, 
with lateral branches and persisting rosette leaves. Average 
height about 88 em. Stems slender, stem-leaves smooth, lance- 
olate, bracts broadly cuneate at base with a very short petiole, 
tip long-pointed, more or less curled, margin irregularly repand- 
denticulate. Inflorescence compact, flowers numerous; buds 
squarish, slender with very long and slender sepal tips, sepals 
thin, bud cone 35 mm. long, hypanthium 37 mm., sepal tips 7 
mm., ovary 10 mm., petals 43 mm., very broad and overlapping 
when flower is open, long hairs fairly numerous. Few red 
papille on main stem, many on side branches. In 1909 culture 
the buds were all green, but in 1911 they had the red color 
pattern of @. mut. rubrinervis and the stems were also reddish. 

As regards variations, virescence appeared in the first two 
generations but not in the last two. On the other hand, a var. 
elliptica was first observed in F, and further studied in F; and 
F,. This variety differs essentially in being smaller and having 
narrower leaves and narrow, more or less elliptical petals. Plate 
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20 fig. 2 shows a rosette of this variety in F; (1911). One family 
of 50 plants in 1910 contained 5 of this variety. Usually these 
plants show partial variability, some flowers having broad 
petals and others narrow and elliptical ones. Even the differ- 
ent petals of the same flower may show these differences. 
Flowers with elliptical petals are invariably smaller and are fre- 
quently found on the side branches when those of the central 
stem have normal petals. Hence this variation may be a matter 
of strength in the plant. The variation, from petals which are 
broad and truncate or emarginate to those which are narrow 
and elliptical, or even almost cruciate, is continuous. Thus 
on one plant in 1911, the dimensions of the petals in two flowers 
were as follows: 

Flower 1. Petal (1) 31 mm. x 21 mm. 

Petal (2) 25 mm. x 17 mm. 

Petal (3) 20 mm. x 12 mm. 

Petal (4) 22 mm. x 13 mm. 
In this flower the petals are very small and very unequal in 
size but all elliptical. 

Flower 2. Petal (1) 38 mm. x 39 mm. 

Petal (2) 37 mm. x 37 mm. 

Petal (3) 34 mm. x 36 mm. 

Petal (4) 35 mm. x 36 mm. 
In this flower the petals were nearly full size, nearly equal, and 
scarcely elliptical. 

The inheritance of this condition is on a sliding scale, plants 
with only broad petals giving some offspring with elliptical 
petals, and plants with elliptical petals giving some offspring 
having only broad petals, though in the latter case the plants 
bearing elliptical petals are more numerous than in the former 
ease. Thus the F; family from a normal plant contained 14 
specimens having broad petals only and 15 having some ellipt- 
ical petals; while another F; family of 44 plants derived from a 
plant having elliptical petals contained only 5 plants having 
exclusively broad petals. These peculiarities of the petals are 
probably to a large extent under the control of environmental 
features such as temperature and water supply. 

The difference between broad and narrow leaves is much 
sharper. Thus in my F, cultures in 1912 certain families contain 
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both the broad or normal type (pl. 20 fig. 5) and the elliptica 
variety (pl. 20 fig. 4). The latter had a number of flowers with 
elliptical petals and it also had a different method of branching. 
Plate 21 fig. 12 is representative of a uniform F, culture of 49 
plants of the variety elliptica. This photograph is taken on a 
larger scale, and the nodding of the stem is merely due to wilting. 
This differs from typica (pl. 20 fig. 5) constantly in having nar- 
rower leaves and short branches, as well as in the occasional 
elliptical flowers which appear to be largely under environ- 
mental control. 

The variability of this race is therefore as interesting as are 
the features, such as the general bud and leaf characters, in 
which it is constant. The fact should also be mentioned that a 
lata-like mutant, doubtless having 15 chromosomes, appeared in 
the F; generation, and also a mutant resembling @. mut. albida. 


@. RUBRINERVOIDES 


This race resembles @. mut. rubrinervis in many features, 
and yet differs from it constantly throughout. I have pre- 
viously referred to this Birkenhead race as No. 25 (Gates, ’11, 
p- 350) and studied the variation of the red stripes on the buds. 
In all, 1968 plants of this race have been grown in the years 
1909-1912, so that four generations of offspring from a single 
individual have been cultivated. An illustration of that indi- 
vidual has already been published (Gates, 712, pl. 3). One fam- 
ily of offspring was grown in 1909, two in 1910, eight in 1911 and 
nine in 1912. Usually the variability of families progressively 
decreased, since each family was derived from the selfing of 
one individual of the previous generation. The discussion of 
the precise ancestry of this race is of course out of the question, 
but its characters bear nearly though not quite the same rela- 
tion to the @. Lamarckiana from this region that the Lamarck- 
dana and rubrinervis of de Vries’s cultures bear to each other. 

The 1909 family, or F,, numbered 111 plants. Plate 21 fig. 8 
shows one of these as a rosette. The leaves are narrower and 
more pointed than in mut. rubrinervis, and nearly smooth. 
About 20 of the plants in this culture omitted the rosette stage 
altogether and shot up a stem directly from the seedling stage 
(pl. 20 fig. 7). A normal mature plant of this family is shown 
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in pl. 21 fig. 11. It will be seen that there is no indication of a 
rosette, and the branching is quite different from that of @. 
mut. rubrinervis. In many cases, however, a rosette is formed. 
When the rosette is omitted the branching is changed. Plate 
21 fig. 10 shows on a larger scale another individual in flower. 
The stem-leaves differ from those of @. mut. rubrinervis in being 
narrower, more pointed and smoother. 

In this race the red papille on the stem were very numerous, 
and the buds likewise were slightly more red than in @. mut. 
rubrinervis. The modal color pattern of the whole population 
was 6 as in @. mut. rubrinervis, but plants with their mode at 
7 were much more numerous than in the latter (see Gates, ’11, 
p. 351). The race as a whole inherited the capacity for pro- 
ducing a slightly greater amount of pigment. The ovary usu- 
ally bore many long hairs arising from red papille; on the hy- 
panthium were few long hairs from slight green mounds; and 
on the bud cone scattered long hairs from conspicuous red 
papillez. In occasional buds, when the color pattern was only 
8, the green papille were more numerous. In addition to the 
color pattern of the sepals there was usually weak red on the 
hypanthium.! 

The same conditions as regards pigmentation have been main- 
tained in later generations. The plants were, however, by no 
means uniform in all respects, and this was not to be expected 
since they were derived from one individual of a freely inter- 
crossing population. Plate 21 fig. 9 represents a rosette of 
one of the F, plants. The latter differs obviously from the one 
represented in pl. 21 fig. 8, but the race retained in this and 
subsequent generations the long, narrow, smoothish leaves as 
well as the pigmentation. The various F; and F, families, each 
derived from a selfed individual, produced sub-races differing 
more of less from each other and varying within narrower limits. 
It does not appear that the Mendelian theory of the sorting out 
of factors, or ‘‘genes,” affords an adequate explanation of all 
these phenomena. 

1Since this condition of bud-pigmentation resembles that obtained in certain F, 
and F; hybrids of @. mut. rubricalyx and G. grandiflora (see Gates ’14), it is possi- 
ble that it may have arisen in a similar way, i. e., by the appearance of a red-budded 


mutation which subsequently crossed with other species, in which crosses some blend- 
ing of pigmentation occurred giving rise to the present condition. 
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G@. TARDIFLORA 


This name I have used for another race having many peculiar- 
ities and showing more resemblance to @. grandiflora in its 
flowers and foliage. It is race No. 52 from the same source as 
the above. A single individual produced in 1909 nineteen plants 
which were fairly uniform. The rosettes contained only a few 
leaves, but large plants were formed, one of which is shown in 
pl. 22 fig. 17. Although this photograph was taken on August 
21, the plants with one exception had not begun to flower. The 
leaves resembled those of . grandiflora. They were large 
with long and acute tips, tapering to the bases, often bearing 
reddish blotches, sometimes much curled, somewhat crinkled 
along the midrib. The margin was conspicuously serrately 
toothed (see pl. 22 fig. 17). At the end of the season (Septem- 
ber) these plants came into bloom, and pl. 22 fig. 20 shows a 
plant photographed on October 2. The buds resembled those 
of @. grandiflora but were small. The bud cones were pointed, 
smooth and rounded, the petals slightly larger than in GZ. bien- 
nis, or in a few cases much larger. The petals were also deeply 
emarginate, strongly cuneate and narrow; and the bracts were 
very small, narrowly lanceolate and yellowish, giving a peculiar 
appearance to the flowering shoot. The margins of the bracts 
were nearly entire or in some cases distantly denticulate. 

The offspring of the plant in pl. 22 fig. 20 were grown and 
showed the same peculiarities. The race has not been culti- 
vated further. It was doubtless of hybrid origin and was more 
nearly allied to @. grandiflora than to the Lamarckiana complex. 


G@. RUBRITINCTA 


Reference may be made to one further race which was known 
as ‘‘type M.’’ It originated from one plant in a sowing of the 
Birkenhead seeds in 1909. It will be understood that scarcely 
two plants from this sowing were alike, but some were much 
more distinct than others. The plant in question was a hand- 
some one with very narrow leaves and bright red midribs. Its 
offspring, grown in 1911, were lost with the exception of one 
plant which was the same as the parent. It is shown in pl. 22 
fig. 16. The basal leaves were very long with long petioles, the 
stem leaves very narrow, smooth, with margin closely repand- 
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denticulate, blade narrowing gradually to a very short petiole, 
midribs and petioles bright red dorsally and ventrally; lower- 
most bracts 17 mm. in width by 9 cm. in length, upper bracts 
11 mm. wide by 58 mm. in length. The buds most resemble 
those of @. grandiflora, being nearly devoid of long hairs, slender 
and somewhat rounded, with setaceous sepal tips and some red 
on the sepals; length of petals 32 mm., hypanthium 43 mm., 
sepal tips 9 mm., ovary 10 mm. 

In 1912 three families of F, offspring, numbering in all 236 
plants, were grown from the plant just described. All three 
families agreed in containing several types exhibiting a remark- 
able degree of variability. 

An attempt was made to place the plants in five classes, but 
the categories overlapped and made classification for the most 
part impossible. The majority of the plants resembled the 
parent individual in their main features but they varied enor- 
mously in width of leaf from broad (21 mm.) to very narrow 
(8-6.5 mm.). These conditions were connected by interme- 
diates, and, moreover, there were considerable variations within 
the individual, one branch with very narrow leaves being found 
on a plant with broad leaves. In addition to these variants, 
the three families contained 35 dwarfs, or 14.8 per cent, and 
the latter varied in leaf-width in the same remarkable manner. 
The dwarfs agreed only in having short internodes. Two of 
them are shown in pl. 21 figs. 13, 14, the former having narrow 
leaves and extremely short internodes, the leaves of the latter 
being quite linear. The plant would never be taken for an 
cenothera. 

The advent of a large percentage of dwarfs in this family is 
similar to their occurrence in other @. grandiflora races from 
that locality (see Gates, ’14, p. 246). The precise manner in 
which this capacity for producing dwarfs is inherited, is a diffi- 
cult question which need not be considered here, particularly 
as it has been discussed elsewhere (Gates, ’14). 

Plate 22 fig. 15 represents one of the Lamarckiana-like 
rosettes from this source, grown in 1909. Others approached 
de Vries’s race more closely, to the point of identity. Plate 22 
figs. 18, 19 represent selected rosette-leaves taken from this cul- 
ture to show the range of types exhibited. Such leaves as the 
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two on the right in pl. 22 fig. 18 were greatly overgrown and 
were far larger than ever appear even in @. mut. gigas. These 
forms have not been sufficiently studied since to give an ade- 
quate account of them. 

It will be obvious that the forms described here under the 
names multiflora, multiflora elliptica, rubrinervoides, tardiflora 
and rubritincta are not pure species or even true-breeding races. 
They are undoubtedly as diverse from each other as average 
species, however, and many systematic species if bred experi- 
mentally would probably not breed true within narrower limits 
than these races have done. One feature of interest attaching 
to these races is the fact that the main type persists essentially 
unchanged, though various mutants and heterozygous forms 
are thrown off. The behavior is not, in the main, like the Men- 
delian process of recombination. Repeated selfing of each race 
usually decreases its variability by eliminating various hybrid 
elements. But this process does not extend to the basal differ- 
ences between the races, which, as we have seen, remain as 
unlike as they were before. In this aspect the hereditary 
behavior of these races resembles that of @. Lamarckiana. 
But there are a number of differences which I need not fully 
consider. Thus @. multiflora gives rise to its variety elliptica 
much as though it were split off from a heterozygous condi- 
tion, and the variability of rubritincta in leaf-width, as well as 
its production of numerous dwarfs, is unlike anything in the 
behavior of @. Lamarckiana. 

Many other equally distinct types were derived from this 
locality (see, e. g., pl. 22 figs. 18, 19), but they have not been 
cultivated in subsequent generations. 


@. LAMARCKIANA FROM ST. ANNE’S 


In 1910 I obtained seeds from a colony of G. Lamarckiana 
growing by the Manchester Children’s Hospital Convalescent 
Home, at St. Anne’s-on-Sea. Many of these were found in 
later cultures to agree exactly with the Lamarckiana of de Vries 
except in the red color pattern of the sepals. I was formerly in- 
clined to lay little stress on this difference but there is no doubt 
that it is inherited. The fact therefore remains that a precise 
duplicate for de Vries’s race of @. Lamarckiana is relatively 
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infrequent on the Lancashire coast, although many forms ap- 
proach it very closely and differ only in this one feature. As 
will be seen below, certain other plants agreed with de Vries’s 
Lamarckiana except in the shape of the buds. 

In 1911 a sowing of the seeds yielded 22 plants. The rosettes 
were for the most part uniform and very similar to @. La- 
marckiana, two, however, having red midribs and lighter green 
leaves (rubrinervis type). One plant was aberrant, resembling 
2. mut. semilata in its buds, which were, however, small as in 
@. biennis. The bud cone was also somewhat rounded and 
barrel-shaped, length of ovary 11 mm., hypanthium 37 mm., 
cone 19 mm., petals 22 mm., style short so that anthers sur- 
round base of stigma. The features of this plant make it 
scarcely likely that it arose as ahybrid. It produced plenty of 
pollen and seeds. 

Another sowing of these seeds in 1912 yielded 140 plants, 
which included one mut. lata with bad pollen (doubtless having 
15 chromosomes) and one variegated Lamarckiana plant. The 
variegation was noticed when the plant was a young seedling. 
It reached maturity and proved to be a periclinal chimera. 
Nearly all the leaves were variegated green and yellow. Many 
leaves were green bordered with yellow, showing the absence of 
chloroplasts from the epidermal and probably also the hypo- 
dermal layer. Occasional leaves were almost entirely yellow, 
and some were yellow on one side of the midrib and green on 
the other. There were also broad white bands on the margin 
of the sepals. The pollen was abundant and plenty of seeds 
were set. 

Two sowings of seeds from this plant were made in 1912. 
The seeds numbered respectively 121 and 145. Only two seeds 
in one pan were observed to germinate, and the seedlings quickly 
died, probably from lack of chlorophyll. Regarding the origin 
of this periclinal mutation, it would appear to have originated 
in the embryo after fertilization through the loss of chloroplasts 
from the outer layers of the growing point. 

The foliage in the rest of the culture agreed with the type of 
G. Lamarckiana. One plant differed in having stem-leaves more 
or less pointed at the base, not crinkled, midribs pink, and smaller 
flowers (petals 29 mm. long x 38 mm. broad, style short, buds 
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squarish). Two other plants agreed exactly with . Lamarck- 
tana except in the buds. The petals were 35 mm. long x 48 
mm. broad, emarginate, anthers reaching nearly to top of stigma 
lobes, sepals green and with the same pubescence as in @. 
Lamarckiana, from which these two plants therefore differed 
only in the somewhat smaller flowers and shorter style. One 
mut. nanella also occurred in this culture, and several other 
slightly aberrant individuals, including a plant with broadly 
elliptical foliage. The “‘Zamarckiana foliage’ was also more 
variable than in cultures from de Vries, this no doubt being due 
to the continued inbreeding in the latter case. 

It will be understood that the new forms described here are 
scarcely to be looked upon as “‘new species’’ according to the 
usual interpretation at the present time. They merely represent 
a partial analysis of a complex interbreeding colony of forms, 
and their variability is one of their most interesting features. 
Nearly all if not all the differences observed are inherited, how- 
ever, and the mutations can in many instances be separated 
from the characters arising through hybridization. The forms 
are, moreover, as distinct from each other as many species of 
nothera. 


In conclusion, I am indebted to the Missouri Botanical Garden 
and the John Innes Horticultural Institution for the facilities 
provided for growing the plants, and to Mr. E. J. Allard for 
several of the photographs. A portion of the expenses of my 
second visit to Lancashire was defrayed by a grant from the 
Royal Society. 
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EXPLANATION OF PLATE 


PLATE 20 
Fig. 1. @. multiflora, rosette, 1909. 
Fig. 2. G@. multiflora elliptica, rosette, 1911. 
Fig. 3. @. multiflora, full-grown plant, 1909. 
Fig. 4. @. multiflora elliptica, 1912. 
Fig. 5. G. multiflora, 1912. 
Fig. 6. @. multiflora, flowering shoot, 1909. 
Fig. 7. CG. rubrinervoides, young plantlet showing absence of rosette, 1900. 
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EXPLANATION OF PLATE 


PLATE 21 


@. rubrinervoides, rosette, 1909. 

G. rubrinervoides, rosette, 1910. 

@. rubrinervoides, showing nearly smooth, pointed leaves, 1909. 
G. rubrinervoides, no rosette, 1909. 

@. multiflora elliptica, 1912. (Tip of plant drooped from wilting.) 
Linear-leaved dwarf in offspring of @. rubritincta, 1912. 

Dwarf offspring of @. rubritincta, 1912. 
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21, 1909. 


Fig. 18. 
Fig. 19. 
Fig. 20. 
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EXPLANATION OF PLATE 


PLATE 22 


@. Lamarckiana-like rosette, 1909. 
@. rubritincta, 1911. 
@. tardiflora, showing serrated leaves and absence of flowers, August 


Selected leaves from various rosettes, 1909. 
Selected leaves from various rosettes, 1909. 
@. tardiflora, showing late appearance of buds, October 2, 1909. 
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ON SUCCESSIVE DUPLICATE MUTATIONS! 


R. RUGGLES GATES, 


UNIVERSITY OF LONDON. 


Nilsson-Ehle? was the first to formulate the hypothesis of 
duplicate factors or representatives for the same character. 
He brought forward evidence from crosses of red and white 
varieties in certain Swedish strains of wheat, tending to show 
that in different F, families plants with red and white grains 
occurred in the ratios respectively 3:1, 15:1 and 63:1; from which 
he concluded that three independent units for red were present, 
each of which could produce the color alone. Although his 
conclusions were criticized by Kajanus,’ yet there remains a strong 
presumption in their favor, and several other cases of supposed 
duplicate factors have been described, though these have for 
the most part rested upon more insecure data than the original 
instances of Nilsson-Ehle. 

Certain suggestions have been made concerning the origin of 
this duplicate or triplicate condition. Emerson and East! 
pointed out in general terms that if a factor should become 
located in a different chromosome or should be affected in 
any way so as not to be always allelomorphic to itself, then a 
duplication of determiners would result. Shull® has listed the 
supposed cases of duplicate determiners and remarks that such 
a condition of duplication might also result from ‘‘repeated pro- 
gressive mutations.’’ In the same paper, Shull endeavors to 
account for the origin simultaneously of a duplicate ‘‘gene”’ 

1 Presented before the American Genetic Association, San Francisco meeting, 
August 3, 1915. 

4 Nilsson-Ehle, H., 1909, ‘“‘ Kreuzungsuntersuchungen an Hafer und Weizen," 
I., Lunds Univ. Arsskrift., N.F., Afd. 2, Bd. 5, Nr. 2, pp. 122. 

3 Kajanus, B., 1914, ‘Zur Kritik des Mendelismus,"’ Zeitschr. f. Abst. u. Vererb., 
I2: 206-224. 

4Emerson, R. A., and East, E. M., 1913, ‘‘The Inheritance of Quantitative 
Characters in Maize,” Agric. Exp. Sta. Nebraska, Research Bull. 2, pp. 120. 

5 Shull, Geo. H., 1914, ‘‘Duplicate Genes for Capsule-form in Bursa bursa- 


pastoris,”’ Zeitschr. f. Abst. u. Vererb., 12; 97-149, Figs. 7. 
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for capsule form in Bursa bursa-pastoris and, at the same time, 
of the mutant B. Heegeri. That hypothesis will not, however, 
apply to the probably more frequent cases in which duplicate 
factors for a particular character are found without any other 
mutation having taken place. An explanation will therefore 
have to be found for the duplicate or triplicate condition in wheat 
or in any other organisms in which it occurs. 

It is the purpose of the present paper to discuss more pre- 
cisely the manner in which such monohybrid characters originate 
and particularly the way in which they may afterward become 
duplicate or triplicate. C£nothera rubricalyx affords a typical 
case of a mutant originating as a monohybrid, probably through 
a transformation in one chromosome or one pair of chromosomes.! 
I have pointed out elsewhere? that when the duplicate or tripli- 
cate condition occurs it might be reasonably supposed to have 
arisen through the same general change having taken place 
independently in two or three different chromosomes of the 
x series. 

In an original mutation of this kind the new character of 
course forms a pair by contrast with the old unaltered character. 
If a single chromosome has undergone this change and the new 
condition is dominant, then a heterozygous mutant Aa will be 
produced having the new character but splitting in its offspring 
in a 3:1 ratio. This is the way in which CGinothera rubricalyx 
originated from CE. rubrinervis, as I have shown elsewhere.1 

If now in the mutant race one or both members of a second 
pair, a’a’, of chromosomes undergoes a corresponding change, 
to A’a’, or A’A’ then we shall have duplicate factors AA’ for 
the same character, and in the offspring of such individuals 
the new type and the original type would appear in the ratio of 
15:1. Asimilar mutation in a third pair would give the triplicate 
condition with a ratio of 63:1. 

It may be pointed out that this assumption of similar changes 
in different members of the x series of chromosomes is by no 

1See Gates, R. Ruggles, 1915, ‘‘On the Origin and Behaviour of Oenothera 


rubricalyx,’’ Journ. of Genetics, 4: 353-360. 
2Gates, ‘‘The Mutation Factor in Evolution,” p. 317, Macmillan, London, 
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means an improbable one. It does not assume that the chromo- 
somes which underwent the change were alike, but merely that 
they were more nearly alike than the others of the series. That 
the chromosomes of the x series are actually differentiated 
there are many lines of evidence to show. One of the most 
recent is the fact, ascertained by Doncaster and Gray,! that in 
certain echinodern crosses particular chromosomes swell up and 
form vesicles in the strange cytoplasm of the egg or of another 
species while other chromosomes exhibit no such effect. On 
the other hand, the materials of the chromosomes obviously 
possess many similarities which probably outweigh their chemi- 
cal differences. 

It may further be pointed out that if both members instead 
of one member of a pair of chromosomes underwent a change, 
say in a pollen mother cell, the only difference would be that 
four instead of two mutated germ cells would result, each of 
which might function in producing a mutant. It is almost 
impossible to determine whether one or both members of a pair 
of chromosomes underwent the change in any particular in- 
stance, but in either case the original mutant would be hetero- 
zygous, though continued inbreeding would produce ultimately 
a homozygous race, as in the case of GZ. rubricalyx. This is 
probably the history of Nilsson-Ehle’s wheats which are dup- 
licate or triplicate for the red color factor in their grains. 

From the evidence obtained in F, and F; in crosses of various 
Swedish wheats having red kernels, with white-grained varieties, 
Nilsson-Ehle concludes? that while the varieties known as 
Sammet and Grenadier have 3 independent units for red, Extra- 
Squarehead has only one, since it gave (p. 67) only ratios approxi- 
mating 3:1. In a later paper? continuing this work the same 
author finds (p. 22) that Swedish Binkel wheat contains two 
factors for red. From one Fe family he grew 94 F3 families, 
with results which may be tabulated as follows: 

1 Doncaster, L., and Gray, J., 1913, ‘‘Cytological Observations on the Early 
Stages of Segmentation of Echinus Hybrids,’ Quart. Journ. Micr. Sct., 58: 483- 
$10, pls. 28-29, 

7 Nilsson-Ehle, H., 1909, Kreuzungsunterschungen an Hafer und Weizen. I. 
Lunds Univ. Arsskrist., N.F., Afd. 2, Bd. 5, Nr. 2, pp. 122. 


3 Nilsson-Ehle, | H., ror1, ‘‘Kreuzungsuntersuchungen an Hafer und Weizen,” 
Il., Lunds Univ. Arsskrift., N.F., Afd. 2, Bd. 7, Nr. 6, pp. 82. 
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TABLE I. 
Expected Ratio 
af Families, Totals. Expectation. 
7 40 families were constant red 
4 23 families split in the ratio 3:1 483 : 142 | 468.75 : 156.25 
4 25 families split in the ratio 15 : I 789: 47| 783-75 : 52.25 
Et | 6 families were constant white 


It will be seen that the frequency of families is very close to 
expectation. The totals of the families containing a 15:1 ratio 
are also very close to expectation, but for the 3:1 families the 
agreement is not so good. The evidence seems sufficient, how- 
ever, to justify the conclusion that two factors and two only 
are here concerned. 

In the same way evidence is obtained (p. 25) to show that a 
certain pure line (0406) has in ene case a single factor for red 
and in another case two factors. To use the terminology of 
Lang, the race is monomerousin one case and dimerous in another. 
In crosses between the 0406 race and 0234, which was also red,' 
ratios of 15:1 and 3:1 were obtained showing that two factors 
were present, one of which must have been derived from each 
parent. Hence the 0406 race must in this case have been 
monomerous. In crosses between 0406 and a white race, 15:1 
ratios were again obtained, showing that the 0406 race is now 
dimerous. The genetic relationships of the strains used in these 
two crosses is not stated, but a simple explanation is that in the 
meantime the strain had undergone a second (invisible) mutation. 

No explanation of the origin of this condition was offered. 
But there are at least two ways in which the dimerous condition 
may have been derived from the monomerous: (1) Through a 
mutation on the part of a second pair of chromosomes, (2) 
through a re-mating of the chromosome pairs. Later we shall 
compare the consequence of each of these methods of deriving 
the duplicate condition. In the first case the duplicate mutation 
is produced by a change very similar to that which produced the 
original mutant. In the second case the secondary change is a 
mechanical one, very different from the primary change which 
was probably chemical in nature. 


1 The results are given in Ber. deut. bot. Gesells., 29: 65-60, IQII. 
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Another pure line of wheat (0290) was also found to be dimer- 
ous for the red factor in one case and monomerous in another. 
A race called o501 was found to be probably trimerous like 
Swedish Sammet. Nilsson-Ehle considers it scarcely probable 
that in these two wheats the same three factors for red are present, 
and thinks that perhaps many more than three independent 
factors have to be reckoned with. There seems, however, no 
reason for such an assumption. It appears more probable that 
corresponding chromosomes undergo the same change in each 
case so that the factors are all homologous with each other, 
though of independent origin in the different races. 

We may, therefore, account for the origin of the duplicate 
and triplicate ‘‘factors’’ for red in the Swedish wheats by assum- 
ing that successive mutations have occurred and that in each 
case the duplicate or triplicate condition has afterward become 
homozygous and stable through the repeated self-fertilization 
occurring in later generations. 

Turning now to the history of Ginothera rubricalyx, it appears 
that the original monomerous condition has become dimerous 
in subsequent generations of culture. And it will be seen from 
the culture records that this has happened independently several 
times in different lines of descent. 

It may be worth while first to recapitulate in briefest form the 
evidence for the original monomeric character of G. rubricalyx. 
The original mutant gave an F, offspring of 12 plants, 11 of 
which had red buds (R) and one green buds (r). Three of the 
former selfed produced F, families in which the ratios R:r were 
respectively 10:5, 14:6, and 33:11. The sum of these three 
families is 57:22 which is close to a 3:1 ratio and could not reason- 
ably represent a 15:1 ratio, nor could either of the three ratios 
individually. Two plants descended from the F, family which 
yielded 33:11, a perfect 3:1 ratio were used to cross reciprocally 
with CE. grandiflora, a green budded species of diverse habit. 
Since these plants were from a family which was obviously mon- 
omerous, the F, from the cross would either be all R (if the parent 
was homozygous) or R:r in equal numbers (if the parent was 
heterozygous). The numbers obtained were 30 R:28r in one 
cross and 79 R: 71 rin the other. Hence the family which gave 
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the ratio 33:11 was undoubtedly monomerous and up till that 
time a single mutation had taken place involving only one pair 
of chromosomes. . 

It was anticipated that the F, from rubricalyx X grandiflora 
and its reciprocal would again yield 3:1 ratios but it was found 
that in fact there were other ratios as well, the chief of which 
now appear to be 2:1, 4:1, 5:1 and15:1. In my discussion of these 
extensive results! I was at first inclined to attribute them to an 
effect of the gy andiflora parent in modifying the frequency of 
inheritance of the R character, and to conclude that since the 
cross with grandiflora had obviously modified the red-bud char- 
acter R by dilution in many cases, it must also have modified 
the frequency with which R would appear. I have since grown 
a large series of F; families, the results of which are published 
in detail elsewhere.2, In the present communication a further 
analysis of these F. and F; ratios will be made, from which it 
appears that the unexpected ratios obtained in these generations 
are probably not an effect of the cross with C. grandiflora, 
but they result in part from the subsequent occurrence of dupli- 
cate mutations in rubricalyxy. Other ratios, such as 5:1 cannot, 
however, be fully explained in this way. 

In this connection it seems desirable to point out that in the 
inheritance of any character there are two features to be taken 
into consideration: (1) The nature of the character, and (2) 
the mechanism of its distribution in the germ cells. Mendelian 
writers frequently ignore the former, and biometrical writers 
vitiate their case when they take no account of the latter; but 
in a complete account of the inheritance of any character both 
must be considered. Asa matter of fact, although crossing with 
grandiflora probably does not modify the mechanism of trans- 
mission of R, yet it does seriously and permanently modify the 
character itself in some cases, as I have shown in previous 
publications. 

We may now consider the ratios R:r in the F, and F3 of &. 
rubricalyx X grandiflora and the reciprocal. A further study of 

1 Gates, R. R., 1914, ‘‘ Breeding Experiments which Show that Hybridization 
and Mutation are Independent Phenomena,” Zeitschrift f. Abst. u. Vererb., II: 


209-279, Figs. 25. 
2‘*The Mutation Factor in Evolution,” pp. 254 ff. 
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these ratios makes it evident that they nearly all fall remarkably 


close to three or four ratios. 


So close is the fit that it seems 


probable that several ratios, such as 5:1, are significant as such, 
though at present no complete explanation of them can be of- 


fered. 


I was formerly inclined to regard some of these ratios 


as the expression of merely quantitative differences without 


TABLE II. 


Fe (Oe. grandiflora X rubricalyx). 


Ratios. Expectation. Agreement. Conclusion, 
. 63.00 : 21 3 : I possible 
Spa te : 16.8 4:1 very near 4:1 
I42 :15 147.00 : 10 I5:1 1524 
133: 4 128.40: 8.6 TS, 221 Is? 
Total 275 : 19 275.60 : 18.4 I5 : I perfect 
Hence 2 families 15 : I 
tfamily 4:1 
Fe (Oe. rubricalyx X grandiflora). 
F 59.25 : 19.75 3: 
(a) Gh 923 Po 213.16 5:1 perfect aoe 
(b) 45:14 44.25 > 14.75 3: 1 nearly perfect 33x 
(ec) 47: 3 Incomplete. In addition 
9 dwarfs, I intermedi- 
ate. 
(b) 134 2 44 133.50 ? 44.5 3:1 perfect cae 
66.70 : 13.3 5:1 perfect ees 
Hy OE a ore 120 3:1 unlikely 
79.20 : 15.8 5 1 very near 
(a) 8@- 43 {7125 223375 3:1 very unlikely oe y 
89.00: iar "i 
76.70 215.3 5: I perfect 
(a) 77215 { &9:00 123 3:1 unlikely ine 
86.25 5.75 15:1 very unlikely 
{ 45:14 
134 : 44 
(b) 179 : 58 177-75 3 59-25 3:1 very close S24 
66 : 13 
67213 
82:13 
We ets 288.30 : 57.7 5: I very close Sf Ar 
(a) 292: 54 259.50 : 86.5 3:1 unlikely 
324.40 : 21.6 I5 : I impossible? 


Hence in Fe 
2 families 3: 1 
4 “ 5:1 
oO constant 


1 By “‘impossible’’ is meant that the chances against this interpretation, taken 
in connection with the other results, are so great that for practical purposes it 
need not be considered. 
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F3 (Oe. grandiflora X rubricalyx). 
Ratios, Expectation. Agreement. Conclusion. 
229.60 : 57.4 4:1 very near 4:1 
: 239.20 : 47.8 5:1? 
eg 50 IQI.30 : 95.7 3: I impossible 
268.10 : 18.9 I5:1 _ 
234.40 : 58.6 4:1 very near 4:1 
244.20 : 48.8 Rit? 
237 + 56 BtOr7s 2 75.25 3: 1 improbable 
274.70 * 18.3 15 : 1 impossible 
464.00 : I16 4:1 very near 42r 
Total 468 : 112 483.30: 96.7 5:1 improbable 
435.00 : 145 3. 1 improbable 
Saz7s 26.98 I§5 - 1 impossible 
Hence Fs (grandiflora X 
rubricalyx) 
2 families 4 : 1 
Also 
4 families constant R 
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3 se intermediate 
in pigmentation of 
buds. 
Fs (Oe. rubricalyx X grandiflora). 
58.70 : 29.3 2:1 very near 2:1 
57:31 {8o.00 + 23 grr? 
82.50: 5.5 I5 : I impossible 
23 ? 
22:6 21.00: 7 3: 1 very near cares 
120.70 : 60.3 3: I impossible 
112 : 69 ieee 145.25 2:1 near? 221? 
i252 2 
[276.00 238 5:1 near 
182: 209 168.80 : 42.2 4: 1 impossible Sir 
ier 2 1302 15 : 1 impossible 
4An2 ? 
55:2 53-40: 3.6 I5 : 1 close baie 8 
87 22 36.60: 2. I5 : 1 perfect I5:1 
92-<6 73.10: 4.9 I5 : I very near I5S:f 
so2% 56.25 2 3.95 I5 : I not very close ees 
Total 223 : 11 219.40 : 14.6 15 I very close If et 
77-30 : 38.7 2:1 very near 2eb8 
40 = 37 87.00 : 29 giant 
108.75 : 7.25 I5 : 1 impossible 
oes ; - ? 
5.50 : 28.5 3 I near 
Boe 34 ae 238 2:1 nearer Ret? 


Hence in Fs ru! ricalyx X 
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4families 2:1 ratio 
tiamily 3:2 ” 
I . es ae 
4families 15:1 ‘ 
Also 


2 families constant for R 

8 a constant for r 

1 family intermediate 
186 plants. 
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more precise significance, but particularly the ratios 5:1 and 
15:1 in addition to 3:1 fall so closely into definite categories 
that the probability of there all being significantis great. The 
foregoing table contains the F, and Fs; ratios for the various 
families. 

Considering these data as a whole, the ratios nearly all fall 
remarkably close to whole numbers. In the first column of 
Table II. are given the actual ratios obtained, in the second 
column the expectation for different ratios, and in the third 
column the conclusion as to the ratios probably represented in 
each case. Many of the families are larger than these of Nilsson- 
Ehle, and in general they appear to fit the various ratios more 
closely. 

Considering first the F. families, it will be seen that those 
whose ratios are 3:I or 15:1 are in perfect or almost perfect 
accord with expectation. This being the case, it seems probable 
that the 5:1 and 4:1 ratios obtained are significant as such, and 
in any case they cannot be considered merely wide departures 
from 3:1. Of the 5:1 ratios the first, second, and fourth are in 
perfect agreement with 5:1 while the other one is very close, as 
is also the sum of these four families (292:54). The significance of 
these facts is further heightened by the fact that three of these 
four families (the first, third and fourth) are derived from selfing 
different flowers of the same F; plant. This is shown in my 
original record of these experiments, and it almost forces the 
conclusion that in this particular plant as well as others giving 
similar ratios, R gametes were being produced with greater 
frequency than r gametes in the ratio 5:3. There is, however, 
another explanation which will be considered later. 

In the results of Nilsson-Ehle, on the other hand, the ratios 
do not fall clearly into such intermediate categories but tend to 
form a continuous series of ratios as Kajanus pointed out. Thus 
in one series of crosses? between black and white glumes involving 
only monohybrid ratios, the F, ratios in the 13 families actually 
range from 2.2:1 (323:144) to 4.1:1 (230:56), yet the total (2468: 
795) is fairly close to 3:1. One of these families contained 86 


1 Zeitschr. f. Abst. «. Vererb., 11, p. 236. 
2“ Kreuzungsuntersuchungen,”’ I, p. 18. 
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black (B): 22 white (B). Fs offspring were grown from each of 
these 108 plants and the results showed their composition to 
have been as follows: 36 BB:50Bb:22 bb. From this result 
Nilsson-Ehle concludes that there was a preponderance of 
“black” gametes over ‘“‘white” ones. Buta series of F; families 
in another cross gave the reverse condition, 26 BB:60Bb: 33 bb, 
from which the conclusion is drawn that white gametes were 
here more numerous than black ones. Even though these re- 
sults offset each other yet they cannot be referred merely 
to chance fluctuations in ratios. But no further explanation 
of them was offered. It will be shown later that in my crosses 
of G. rubricalyx and CE. grandiflora these deviating ratios do not 
offset each other but are all consistent with the hypothesis 
that R gametes are being produced with greater frequency 
than r gametes. 

Returning now to Table II. the first ratio (68:16) is not a very 
bad fit for 3:1, although exceedingly close to 4:1. It might 
easily pass for 3:1 without further comment were it not for the 
fact that two other ratios in this table are in very close agree- 
ment with 4:1 while they depart very widely from 3:1. The 
sum of these two ratios (468:112) is very close to 4:1 while it is 
highly improbable as a 3:1 ratio, the more so since the actual 
3:1 ratios are almost in precise agreement with expectation. 

Among the three F, families from Gt. grandiflora X rubricalyx, 
two show a 15:1 ratio and onea 4:1 or perhapsa 3:1 ratio. Hence 
it might be supposed that the rubricalyx plant which was used 
as pollen parent, already possessed duplicate factors for red. 
But this was not the case. That plant was in fact heterozygous 
for a single factor, since when crossed with grandiflora it gave 
an F, of 79R : 71r, which is as near to equality as could be ex- 
pected. The full history of the rubricalyx individuals used for 
this and the reciprocal cross has been given in pedigree form in 
another paper,! to which reference should be made. It may be 
said that in both cases they are descended from the family which 
contained 33R :11r. One member of this family was pollinated 
by nanella and produced a family of 42 plants. One of the latter 
(No. IV., 2), which was a perfect rubricalyx in appearance but 


1 Gates, Zeitschr. f. Abst. wu. Vererb., 11: Opp. p. 216 and on p. 217. 
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carried dwarfing latent, was used to pollinate C. grandiflora. 
Since the F, offspring of this cross gave 15:1 ratios in two 
families, while the F, was a 1:1 ratio, duplicate mutations must 
have intervened between these two generations. The two 
plants which were the parents of the families containing 142 R: 
15 rand 113 R:4r respectively must have possessed the duplicate 
factor in all their germ cells, so that they were heterozygous for 
R and R’. Their composition might then be written RrR’r’. 

As pointed out earlier in this paper, such a condition might 
have arisen (a) through the transformation of a chromosome 
belonging to a second pair, (b) through an exchange of mates 
on the part of two pairs of chromosomes. We may now examine 
the comparative credibility of these two alternatives. There 
are certain difficulties with either hypothesis, one of which is 
that the transformation from the monomerous to the dimerous 
condition, whether effected by chemical or mechanical means, 
must apparently have taken place early in the ontogeny, before 
definitive germ cells are formed. The alternative hypothesis 
would be that all the germ cells had undergone the transformation 
simultaneously and independently, which one cannot believe 
possible. 

There is, however, one consideration which makes it appear 
probable that the duplicate condition for R is not usually arrived 
at through a transformation of a new chromosome, but rather 
through a redistribution of the chromosomes. The 15:1 ratio 
can only be obtained from an RrR’r’ parent, in which both 
duplicate factors are heterozygous. It would therefore be 
necessary to assume when a 15:1 family is derived from a 3:1 
family, that a chromosome belonging to a new pair had under- 
gone a chemical transformation while its mate and the mate of 
the original modified chromosome were unaffected, i. e., that 
the condition Rrr’r’ became altered directly to RrR’r’. This 
is very unlikely. On the other hand, as I showed long ago,! 
the chromosomes in Ginothera are very loosely paired during the 
reduction division, and moreover irregular chromosome distri- 
butions have been shown to occur at this time (as in the pro- 
duction of G. mut. lata). I also (J. c.) pointed out the probability 


1"A Study of Reduction in Ginothera rubrinervis,"’ Bot. Gazette, 46: I-34, pls. 3, 
1908. 
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that exchanges of chromosomes of different pairs but without 
change in number would take place under these conditions. 
By such a mismating or exchange of mates on the part of two 
chromosome pairs, a plant which was homozygous (RR) for one 
factor would give rise to plants which were heterozygous for 
duplicate factors (RrR’r’). This is then what has probably 
occurred in the cases where plants from a 3:1 family have given 
rise to 15:1 ratios. The frequency with which such mismating 
occurs in Ginothera may thus be estimated. 

It is known that the chromosomes of CEnothera are in pairs 
(doubtless of paternal and maternal origin) throughout the 
somatic divisions, and the paired arrangement is probably a 
feature of the first mitosis after fertilization. If, then, a plant 
which would have been homozygous for a single factor (RR) 
becomes transformed into one which is heterozygous for dupli- 
cate factors (RrR’r’) and so gives a ratio 15:1 in its offspring, 
the most likely assumption is that at the time of fertilization the 
two R chromosomes, instead of becoming paired with each other, 
each paired with another (r) chromosome. Hence in this case 
the regrouping of chromosomes probably occurred not during 
meiosis where it would have to occur simultaneously in all the 
germ cells, but as a feature of fertilization or the first mitosis of 
the embryo. It will be shown later, however, that mismatings 
of the chromosome pairs probably also occur during meiosis and 
so modify the 3:1 ratio. To sum up, it appears that when a 
15:1 family is derived directly from a plant in a 3:1 family, the 
remating of the chromosomes must have occurred at fertilization 
or soon afterwards; but when, for example, a 4:1 or a 5:1 family 
is derived from a 3:1 family, this may be accounted for by a cer- 
tain amount of remating of chromosomes during meiosis. 

The method above described will also apply to the origin of 
duplicate and triplicate factors in wheat and is perhaps more 
probable than the successive chemical transformation of dif- 
ferent chromosomes. There is, however, a method of testing 
between these two possibilities. If the duplicate condition 
arises through a regrouping of the chromosome pairs, then, as 
has been mentioned, a race or a plant homozygous (RR) for one 
factor will give rise to a plant heterozygous for two factors 
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(RrR’r’). On the other hand, if the chemical transformation 
of a fresh chromosome takes place in a homozygous monomeric 
plant (RR), then the dimerous individual derived from such a 
monomerous plant should have the constitution RRR’r’! It 
would be possible to determine between these two alternatives 
by breeding tests. If the constitution of the plant is RrR’r’ its 
offspring should give a 15:1 ratio. Ifit is RRR’r’ they would 
all be red in F, and F;. But plants having the former formula 
could also be produced by the mismating of chromosome-pairs 
during meiosis in RR plants. 

If we now return to the table (p. 210) and examine the F, from 
the reciprocal cross (rubricalyx X grandiflora) we find a total 
absence of 15:1 ratios, showing that not only was the rubricalyx 
parent of this cross monomerous but its offspring remained so. 
The parent of this cross was a member (No. IV., 8) of the monom- 
erous family 33:11. As will be seen from the table, two of the 
F, families from rubricalyx X grandiflora gave perfect or almost 
perfect 3:1 ratios. Four others gave 5:1 ratios, three of which 
were perfect and the other very close to expectation as already 
pointed out. I have at present no further explanation of these 
5:1 ratios to offer, but it seems probable that their significance 
will later become apparent. 

Ratios more or less in excess of 3:1 could be obtained from 
plants homozygous for one factor, if there was a tendency for 
mismating of the chromosomes in meiosis. But this will not 
account for the definiteness of the 5:1 ratios obtained. 

Turning to the F3 of grandiflora X rubricalyx the full data are 
given in my book (p. 255). Four families were constant for 
R, 3 constant for r, 2 families numbering respectively 283 and 20 
plants bred true to an intermediate condition, and 2 families 
split in the ratio 4:1, as shown in the table (p. 211). The excess 
of R’s in the last two families is a significant excess over 3:1, 
however it is brought about. 

In the F; of rubricalyx X grandzflora, four families give ratios 
nearest 2:1, one family near 3:1, one near 5:1 and four very close 
to 15:1. Whatever the significance of the 2:1 and 5:1 ratios in 

1 We have already found it highly improbable that a plant Rr could be directly 


transformed chemically into RrR’r’, since we should anticipate that the chromo- 
some r would undergo a mutation before the chromosome r’. 
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these families, the appearance of 15:1 ratios in the Fs; of this 
cross is of much interest, since the F,; contained no families which 
could reasonably be construed as containing duplicate factors, 
except the one having the incomplete ratio 47:3. Reference to 
the pedigree numbers! shows that the first two are derived 
from the F, family No. 60 in which the ratio is doubtful, the 
third is derived from selfing a plant in the F, family No. 62, 
and the fourth from selfing one in family No. 63. In these two 
families the ratios were respectively 67:13 and 82:13, both of 
which are shown (p. 210) to be very near 5:1 ratios. The appear- 
ance of these 15:1 ratios in Fy, from 5:1 families can be explained 
if we assume that independent duplicate mutations have occurred 
in the F, families 60, 62, and 63. This must happen as pre- 
viously outlined, through a plant which is homozygous for one 
factor giving rise to a plant which is heterozygous for two; or in 
other words, through the rearrangement of a pair of homologous 
chromosomes so that they belong to different pairs. 

Another point which will be explained by the present hypoth- 
esis is the difference in the depth of color in homozygous red- 
budded races. Thus in the F; families 93 and 95,? containing 
respectively 280 and 312 plants, the latter were constantly 
darker red than the former. The latter family was doubtless 
homozygous for duplicate factors (RRR’R’), or at least RRR’r’, 
since the family from which it was derived yielded 15:1 ratios. 
The former family was on the other hand probably homozygous 
for a single factor (RR) and hence not so densely red-pigmented. 

It will thus be seen that in several instances 15:1 families 
have been obtained from the offspring of 3:1 or 5:1 families. 
All such cases can be explained by assuming that a duplicate 
mutation has intervened. The original mutation by which deep 
red buds in Ginothera first appeared is an extremely rare occur- 
rence, having occurred but once in all cultures of Ginothera. 
When, however, a chromosome has once undergone this change 
it is reasonable to suppose that other chromosomes in the same 
nucleus could without difficulty take on an analogous trans- 
formation. The whole mechanism is, however, at hand in the 


1 See ‘The Mutation Factor in Evolution,” p. 256. 
2ZD.c., p. 255. 
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meiotic divisions, for transforming the original 3:1 ratio into a 
15:1 by merely redistributing the chromosome pairs. 

In concluding this paper it is desirable to compare the related 
but different results recently obtained by Honing,! with two 
varieties of Canna indica which are naturalized in Sumatra. 
One variety has green leaves while in the other the leaves have a 
broad red margin. 

From the offspring of plants of the latter variety Honing 
obtained ratios red: green of 3:1, 9:7 and 27:37. The same ratios 
were obtained in crossing the two varieties. These ratios are 
accounted for by the hypothesis that the codperation of three 
“factors”? is necessary to produce the red margin. If these are 
located in chromosomes belonging to three different pairs, 
then the resulting ratio should be 27 red: 37 green, since the 
character can only appear in the presence of all three factors 
A, B, C. On the other hand, if all three factors are located in 
the same chromosome a 3:I ratio would be obtained, while if 
two of them were in one chromosome and the third in a chromo- 
some of a second pair, the ratio would be 9:7. 

It was found that in certain cases plants in families having a 
3:1 ratio gave rise in the next generation to a 9:7 or 27:37 family. 
In such cases one may assume that a mutation has taken place 
resulting in a redistribution of the determiners, the three which 
were present in one chromosome being rearranged so that they 
are in chromosomes belonging to two or three different pairs. 
So far as I am aware, this is the first experimental evidence that 
an actual rearrangement of the chromomeres in the chromo- 
somes is one of the kinds of change which the nucleus may 
undergo, the case being somewhat different from Morgan’s 
well-known phenomena of ‘crossing. over’’ in Drosophila. 
Further experiments are necessary to test the nature of this 
evidence for the occurrence of mutations in which such a re- 
arrangement of the nuclear material can take place. 


SUMMARY. 


Nilsson-Ehle was the first to show that duplicate and triplicate 
factors for red are present in certain strains of wheat. He 


1 Honing, J. A., 1915, ‘‘Kreuzungsversuche mit Canna-Varietiten,” Rec. Trav. 
bot. Néerlandais, Vol. 12: Livr. 1, pp. 26. 
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found, moreover, that the same strain may be in one case monom- 
erous and in another case dimerous for this character; and that 
while, for example, Grenadier wheat possessed three independent 
units for red, Extra-Squarehead possessed only one. The origin 
of the original ‘‘factor’’for red may be accounted for in the wheats 
as in Cinothera rubricalyx, through the chemical transformation 
of one chromosome or a pair of homologous chromosomes. The 
duplicate condition for the character R may have arisen (1) 
through a chemical mutation in a second pair of chromosomes, (2) 
through a re-mating of the chromosomes (RR) forming a homo- 
zygous pair. The latter method is for various reasons the more 
probable. 

Although the original Gnothera rubricalyx wds a monohybrid 
and continued so for at least two generations, yet in subsequent 
generations involved in crosses with CG. grandiflora, 15:1 or 
di-hybrid ratios were derived from the offspring of members of 
3:1 families. This can best be accounted for by supposing that 
in a plant (RR) homozygous for one factor, a re-grouping of the 
chromosome pairs occurred. This re-grouping involves merely 
an exchange of mates on the part of the chromosomes RR so 
that they now belong to different pairs. The formula for the 
plant may now be written RrR’r’, i. e., the plant is heterozygous 
for two independent units for red and its offspring will give a 
15:1 ratio. 

The second mutation, producing the duplicate condition for 
R, is thus probably a purely mechanical process, while the origi- 
nal mutation which produced the ‘factor’? R is a chemical 
change of wholly different nature. It is possible that in some 
cases the duplicate and triplicate conditions also arise through 
the chemical transformation of additional chromosomes. 

When a 15:1 family arises from a 3:1 or 5:1 family, as has 
happened several times in GZ. rubricalyx hybrids, it is necessary 
to assume that the regrouping or remating of chromosome pairs 
which led from the monohybrid to the dihybrid condition, took 
place at fertilization, or at any rate early in the ontogeny, and 
is then handed down to the germ cells by mitosis. The chro- 
mosomes are known to be paired in the somatic divisions, and 
it seems probable that the manner of pairing set up in fer- 
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tilization continues in this case throughout the ontogeny, though 
this is not true for all organisms. Otherwise it would be necessary 
to assumie that when a plant in a 3:1 family gives rise to a 15:1 
family all its germ cells have simultaneously undergone a mis- 
mating of the chromosome pairs during meiosis, a highly im- 
probable event. 

In the F, and F; hybrids of G. rubricalyx and CG. grandiflora, 
in addition to 3:1 and 15:1 ratios, 2:1, 4:1 and 5:1 ratios occur. 
The 5:1 ratios at least seem to be significant, indicating that 
R and r gametes are regularly being produced inthe ratio 5:3, 
or that a certain amount of re-grouping of the R chromosomes 
is regularly occurring during meiosis. 
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